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The vision of the Iowa NSF EPSCoR project "Harnessing Energy Flows in the Biosphere to Build Sustainable 
Energy Systems" is to establish Iowa as a leader in the world-wide transition in energy supply from mining 
subsurface (fossil) energy stores to harnessing renewable energy flows in the biosphere. The mission is to 
achieve organizational excellence, enhance Iowa's research infrastructure, and prepare a diverse STEM 
educated workforce needed to advance Iowa's competitive position in renewable energy and energy 
utilization. The research program is organized into four research platforms - BioEnergy, Wind Energy, 
Energy Utilization, and Energy Policy- and a Broader Impacts platform. Each of the five platforms has two 
or more Planks that focus on specific aspects of the platform and has identified various Strategic Priorities 
(goals) to focus efforts over this five-year project; these platforms and their Strategic Priorities (SP) are 
outlined below and the numbers correspond to the strategic priorities articulated in the strategic plan that 
was updated and approved by NSF on March 5, 2014. 
BioEnergy (BE) 
The BE platform's goals are to assess the impact and sustainability of biomass production systems and 
establish nationally recognized research capabilities for thermochemical processing. The platform is 
divided into two specific research Planks. The BioEnergy Agriculture Plank focuses on SP 1.1: Expand 
research capacity for evaluating ecosystem sustainability of bioenergy agriculture by establishing two 
Bioenergy Agro-Ecosystem Research (BAER) sites, that will be equipped and staffed to monitor ecosystem 
changes over time. The Bioenergy Logistics and Conversion Plank is responsible for SP 1.2: Expand 
capacity to perform experimental and computational studies of thermochemical biomass conversion. 
Three thermochemical processing pilot plants and a biomass characterization laboratory are being 
equipped for this purpose. 
Wind Energy (WE) 
The WE platform consists of four research Planks working together to accomplish two strategic priorities. 
The Wind Energy Resource Characterization Plank focuses on SP 1.3: Advance the science of wind energy 
resource characterization, optimal multi-turbine performance, and effective energy delivery. The Blade 
Performance and Reliability Plank, Drivetrain Design Optimization Plank and Green Energy Grids Plank 
focus on SP 1.4: Optimize wind energy economics to compete with fossil fuels through engineering 
advancements in turbine reliability, manufacturability, and maintainability, and delivery of energy to the 
grid. 
Energy Utilization {EU) 
The EU platform consists of two Planks and involves Iowa communities and buildings as field laboratories 
with research efforts focused on building science, human behavior, and decision-making in energy 
utilization and consumption. The major goal of the Green Community Campaign Plank addresses SP 1.5: 
Utilize community-level laboratories to determine whether or not social marketing interventions can 
change energy conservation knowledge, attitudes, and behaviors by assessing the impact various 
intervention strategies have on the energy consumption within a community. The Building Science Plank 
focuses on SP 1.6: Study the relationship between building science, design, and human behavior in existing 
structures in Iowa by establishing community laboratories for building energy efficiency research and then 
implementing selected energy research activities within the identified buildings. 
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Energy Policy (EP) 
The EP platform has a primary goal to encourage cross-disciplinary learning and collaborations between 
engineers, economists, and scientists, and is divided into two Planks: Policy Outlooks, Industry Outreach, 
Energy Policy Course, and Conference Support Plank and the Seminars and Workshops Plank. Both 
Planks focus on SP 1.7: Advance integrated engineering/economic modeling to project the impact of 
federal, state, and local policies on renewable energy markets, technology design and deployment; and SP 
1.8: Analyze market and technology deployment impacts of policies designed to promote renewable 
energy and communicate results to the public, federal and state legislators and regulators. 
Broader Impacts (Bl) 
The Bl platform's goal is to assist Iowa's economic development by helping prepare a skilled and diverse 
workforce that can effectively meet the needs of industry, academia, education, and government, and 
attract new businesses to Iowa, especially in the areas of renewable energy and energy utilization. Bl 
activities have been updated in the revised strategic plan approved by NSF on March 5, 2014, and are 
integrated into the five planks. In this project, Bl encompasses Faculty Development, Workforce 
Development, Diversity, Cyberinfrastructure (Cl}, and External Engagement and Communications (EE}. 
There are several strategic priorities related to Bl activities. Faculty development focuses on SP 1.9: 
Implement coordinated multi-institutional human resource development activities for assisting with the 
recruitment and mentoring of early career tenure-track faculty for Renewable Energy (RE}/Energy 
Utilization (EU} research and education capacity. Diversity is the focus of SP 2.1: Increase participation of 
women and underrepresented minorities (URMs} in STEM, especially in RE/EU fields through coordinated 
state-wide, multi-institutional efforts; and SP 2.2: Coordinate resources to help faculty, staff, and students 
create a more welcoming environment with sustainable support systems for success of women and URMs 
in STEM disciplines at Iowa Regents Universities, community colleges, and K-12 schools. Workforce 
Development is specifically addressed in SP 3.1: Create innovative and transformative approaches to 
educate the future workforce necessary to strengthen the state's leadership in renewable energy and 
energy utilization; and SP 3.2: Expand the Iowa workforce that is technically qualified to support the 
growing renewable energy and energy utilization sectors. External engagement and communication 
efforts are described in SP 4.1: Facilitate communication between various constituencies within and 
outside the Iowa jurisdiction, and at the state and federal government level. Cyberinfrastructure (Cl) is the 
focus of SP 5.1: Support overall project goals by providing connectivity, access, and Cl-related training for 
EPSCoR members, educators, and industry partners. 
Three additional strategic priorities address project evaluation and overall project sustainability and 
management. Project evaluation is addressed in SP 6.1: Implement an integrated, multi-year evaluation 
plan to measure progress towards the goals and objectives of the EPSCoR project; this includes internal 
evaluation, external evaluation, and a Science Expert Board (SEB} review. Project sustainability is covered 
in SP 7.1: Build a statewide RE/EU research and education enterprise that continues beyond the five-year 
project period. Finally, overall project management is described in SP 8.1: Maintain an effective, 
transparent, and multi-level management structure to provide oversight and coordinate the research, Bl, 
and sustainability plans of the project. 
*What was accomplished under these goals (you must provide information for at least one of the 4 
categories below)? 
Major Activities: Many activities were completed during Year 5 of the Iowa NSF EPSCoR project to 
address project goals. Highlights of the major activities are provided below. A 
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detailed summary of the activities, including tables listing various events and 
activities, is provided in Appendix A, Section 1.2a. 
BioEnergy (BE) 
Activities in the three Bioenergy Agro-Ecosystem Research (BAER) sites 
continued. At this point, infrastructure capability exists to quantify the impact of 
bioenergy production systems on various sustainability metrics, which range from 
molecular to regional scales. The sites also integrate multiple field plot studies to 
investigate diverse bioenergy cropping systems with hydrological assessments at 
the watershed scale and remote sensing via an aircraft-mounted hyperspectral 
camera. For example, watershed hydrology is being monitored with multiple stream 
gages, wells, and weather stations. 
Assistant professor James Michael (ISU) joined research activities of the 
BioEnergy Logistics and Conversion Plank and is using current and newly funded 
equipment to (1) simulate the high heating rate thermal environments typical of 
biomass pyrolysis processes, (2) use optical and spectroscopic interrogation of 
intermediate and product chemical species to inform physical transport and kinetic 
mechanisms in biomass conversion to feedstock intermediates, and (3) use 
thermal reactors capable of gas phase and condensed phase constituent 
measurements. 
Gasifier testing has also been completed with Brazilian collaborators and provided 
data for computational modeling of the chemical processes for both seed com and 
Miscanthus based fuel. 
Wind Energy (WE) 
A major effort during the past year was focused on the construction of the two 120 
m towers for atmospheric boundary layer measurements within and outside an 
operating wind farm. After many delays, both towers will be commissioned by 
August 2016. The towers will be used for at least four years, one supported through 
our no-cost extension and three supported with funds from ISU. 
A family of more efficient and faster algorithms has been developed for the 
simulation of unsteady wind farm flows. The effect of complex terrain has been 
incorporated into the wind-farm simulation capabilities. The UI wind tunnel is being 
used to understand wind turbine wake interactions and dynamic stall events. 
The deterministic design optimization (DDO) and reliability based design 
optimization (RBDO) procedures involving tip relief optimization of wind turbine 
drivetrains were further developed in Year 5. DDO was successfully carried out 
using the averaged wind load PDF to minimize the gear weight (cost) while 
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satisfying the 20-year fatigue life. RBDO of a 5-MW wind turbine blade considering 
wind load uncertainty and manufacturing uncertainty has been successfully carried 
out and the obtained RBDO optimum design satisfies a 20-year fatigue lifespan 
with a target reliability of 97. 7%. 
During the past year, convex relaxation of optimal power flow problems over radial 
networks was implemented for operation of renewable energy supply chains under 
various types of uncertainties, including weather uncertainties, demand 
uncertainties, and equipment failures. A simulation-based optimization method for 
network reliability optimization was also developed. 
Energy Utilization (EU) 
By the end of Year 5, four community field laboratories for building energy 
efficiency performance research, including a Mobile Diagnostic Lab (MDL) and 
weather station, will be operating to study energy utilization in existing building 
structures and construction processes with outreach to K-12 STEM education 
projects. Multiple calibrated design models and simulations have been completed of 
the Interlock House and related scholarship is either published, pending, or in 
preparation for publication. 
A memorandum of understanding has been signed between the University of Iowa 
and the Iowa Renewable Energy Association for the long-term utilization of the 
"Imagine Energy Traveler" (IET) display highlighting various energy efficient building 
systems. A proposal was submitted (and awarded) to also develop a renewable 
energy exhibit for the University of Iowa Mobile Museum showcasing clean energy 
research by a variety of U I departments to improve energy efficiency in homes and 
work.places, and examines the Ul's efforts to make Iowa a leader in alternative 
energy sources. 
Exploring the sustainability of schools has continued and several international 
collaborations have developed in this area. Case studies are currently being 
developed and will be part of a book proposal that will be submitted during summer 
2016. 
Energy Policy (EP) 
The EP Platform seminars and workshops continued for faculty, postdocs, and 
graduate students working at the interface between economics and engineering 
within the jurisdiction. 
Policy outreach efforts included the publishing of three policy briefing papers. One 
reported on preliminary estimates of land use change across the wortd in response 
to high international commodity prices. The others reported on the extent to which 
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the Environmental Protection Agency (EPA) could feasibly increase ethanol 
mandates. All have been cited in ongoing policy debates concerning the Renewable 
Fuels Standard. 
Broader Impacts (Bl) 
The Faculty Development Plank again provided several professional development 
programs for faculty, postdoctoral fellows, and graduate students in Year 5. The 
Grants Hub at ISU has been established and is offering a range of services to 
support faculty research development. A Bl checklist was implemented this year to 
help faculty plan and develop a cogent Bl plan in line with their personal interests 
and needs in their disciplinary area. The Grants Hub is one example of the 
activities aimed at sustaining the successes gained through the Iowa NSF 
EPSCoR grant. 
This year, the major effort of the Diversity Plank has been to continue to focus on 
sustainable infrastructure, enhancing diverse participants in undergraduate research 
and K-12 engagement, as well as affect cultural change in faculty search practices 
to positively impact diversity of future search pools. The UI Sloan University 
Center for Exemplary Mentoring (UCEM) Award and the institutionalization of ISU 
ADVANCE evidence-based best practices for faculty recruitment and retention at 
UI and UNI continue. Additionally, faculty and staff at ISU were educated via a 
series of workshops on opportunities to engage persons with disabilities through 
research, educational, and outreach programs. 
In addition to the continued K-12 outreach activities by the Workforce Development 
Plank, additional highlights during Year 5 include the development and presentation 
of two new courses: (1) at ISU ME 605: Broader Impacts of Engineering on 
Society, the first of its kind in the nation, and (2) at UNI Tech 4100: Undergraduate 
Research in Construction Management. Partial support was also provided for three 
symposia, one on STEM equity at UI, one on energy future at Simpson College, 
and one on water quality in Des Moines. 
Two highlights from the Cyberinfrastructure Plank include (1) the establishment of 
an FTP/Database server and a Web server at ISU for the purpose of accepting, 
processing, archiving, and disseminating data from two 120 m tall tower data, and 
(2) the organization and hosting of a Data Carpentry Workshop 
(htto://www.datacarpentry.org/) to provide researchers high-quality, domain-
specific training covering the full lifecycle of data-driven research. 
The External Engagement and Communications Plank continued to gather and 
disseminate information about our project. They also facilitated workshops and 
Mlegislators in the lab" experiences for state and federal elected officials. 
Many specific objectives were accomplished during Year 5; highlights of these 
accomplishments are provided below. Additional information, including figures and 
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details, regarding these accomplishments can be found in Appendix A, Section 
1.2b. 
BioEnergy (BE) 
Projects at the Cedar River Nature Resource Area BAER site focus on the 
productivity and ecosystem services provided by prairie biomass feedstocks, 
including soil carbon flux and native bee populations. Public outreach at this BAER 
site has increased through a collaboration with the Black Hawk County 
Conservation Board (BHCCB). A memorandum of understanding was established 
with BHCCB to continue research at this site. 
The aircraft-mounted hyperspectral imaging system has been used in several 
mapping studies. Initial results suggest the high quality hyperspectral images 
provide the ability to map relevant soil characteristics over a wide land area with a 
resolution on the order of 1 m using a fixed wing aircraft, and resolution on the order 
of 10 cm is feasible with a helicopter. 
Two years of data have been collected to show strong evidence that biomass 
sorghum has similar water use demands as com in central Iowa. Data from this 
experiment is currently being used to parameterize the Agro-IBIS model; it will be 
used to extrapolate the results to the scale of Iowa. 
Several interdisciplinary teams were assembled to prepare proposals for current 
and anticipated funding opportunities. These include a $3M response to the NSF 
IN FEWS program, three pre-proposals and two full proposals to the DOE's 
MEGABIO program, a full proposal to the DOE Incubator program, and a team to 
participate in an application to the DOE Bioenergy Center program. 
Wind Energy (WE) 
In conjunction with the construction of the outdoor laboratory, the Crop/Wind 
Energy eXperiments (CWEX) measurements in 2010, 2011, 2012, and 2013 have 
demonstrated new knowledge of turbine-turbine interactions, wind farm wake 
impacts on crop microclimate, and the surface roughness variability to wind power 
and turbine wakes. The results have been valuable in the development of proposals 
for future experiments with the two 120-m towers. For example, products of this 
project were used as central components in an NSF proposal, a proposal to the 
Iowa Energy Center, and in discussions with NREUDOE for possible application to 
DOE data analysis. 
Modem wind farms are subjected to significant aerodynamic interference due to 
unsteady wakes of individual turbines as well as the complex terrains on which 
they are erected. A new mixed basis formulation of the governing equations has 
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been developed for accurate numerical analysis of convection-dominated flows on 
complex terrain. 
Turbine-turbine wake interactions have also been experimentally addressed by (1) 
designing multiple scaled model wind turbines to improve the accuracy in the 
measured rotor torque, thrust, and power; (2) designing the scaled model wind 
turbines to improve performance by implementing low-speed airfoil sections on the 
blades; and (3) comparing full-scale wind turbine performance data with that 
obtained in the UI wind tunnel of a model wind farm. 
A multibody drivetrain dynamic simulation model developed in this study was 
validated against test data published by the National Renewable Energy Laboratory 
(N REL). It was demonstrated by deterministic design optimization (ODO) that the 
optimum tip relief allows for minimization of the greatest maximum shear contact 
stress on the gear tooth surface without relying heavily on the face width widening 
to meet the fatigue life constraint (i.e., 20-year service life), and it led to a more 
cost-effective design. 
A molecular model of lubrication between the bearing roller and the bearing inner 
race was developed, and then used to conducted molecular dynamics (MD) 
simulations of lubrication to calculate the friction coefficient between the roller and 
the inner race. The model was also used to study the effect of nanoparticles in the 
lubricant on the friction coefficient. 
The optimal power flow (OPF) problem over networks with a tree topology or radial 
networks was investigated. The reason for the interest in radial networks is two-
fold. First, in practice, it becomes increasingly crucial to solve the OPF problem for 
a distribution network because of the penetration of the distributed generation and 
controllable demand. Second, from a computational perspective, distribution 
networks generally have a tree topology, and as a result, it would simplify the OPF 
problem as compared with general non-tree, or meshed networks. 
Energy Utilization (EU) 
A major research objective for Year 5 was the completion of multiple calibrated 
design models and simulations, and the development of evaluation strategies for 
energy efficiency measures in buildings related to human behavior. This was 
accomplished through continued research activities based on the Interlock House 
community lab's extensive energy data acquisition system and our previously 
developed MiDAS (mobile data acquisition system). 
To help understand the occupants' interactions with the I ntertock House during the 
official monitoring year (beginning June 16, 2015), occupants were engaged 
through: (1) examining the operation strategy by a researcher camping on site; (2) 
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installing a remote control window opener in the house to ease the implementation 
of natural ventilation; and (3) sending out a daily building performance summary to 
the occupants. 
Under the goal of identifying key concerns and strategies within the US for the 
design of contemporary sustainable schools, innovative schools from the 
international context were compared with school design in Iowa. Several papers 
and case studies were developed from this information. 
Energy Policy (EP) 
Three seed grants were provided to Energy Policy Platform researchers. Rosberg 
(UNI) surveyed Midwest farmers about their com fungicide decisions. Rudik (ISU) 
explored the health impacts of fossil fuel-fired electricity. Lade (ISU) studied the 
pass-through of the implicit subsidy for biofuels and the implicit tax on gasoline 
under the Renewable Fuel Standard at retail gasoline stations in the Midwest. 
Broader Impacts (Bl) 
Over 30 faculty development programs have been delivered across the three 
Regent Universities. ISU's Grants Hub continues to support faculty through pre-
and post-award services, checklists for proposal preparation including a specific 
checklist for planning, establishing, and articulating effective broader impacts 
activities, and supporting larger interdisciplinary grant pursuits. UNI continued the 
Women in STEM learning community that engaged more than 40 UNI women 
faculty in the STEM fields. UNI funded 2 internal grants for their 2015-2016 seed 
grant competition to enhance research capacity and 2 BI seed grants received 
continued funding at ISU. 
To address the issue of increasing faculty diversity, both U I and UN I have 
institutionalized the ISU ADVANCE best practices for increasing diversity via 
faculty searches. UI has established the first CoE Diversity report and action plan 
to promote best practices, and UNI has established a Faculty Fellow at the 
Provost's office to help educate faculty on building diversity in their searches. 
These are sustainable efforts to change the culture and attitudes towards faculty 
diversity. 
Many significant results were realized during Year 5 of the Iowa NSF EPSCoR 
project and highlights are provided below. Additional information and figures can be 
found is Appendix B, Section 1.2c. 
BioEnergy (BE) 
Elgersma determined that diverse mixtures of native prairie have higher rates of 
respiration than monocultures of switchgrass or a low-diversity mixture of grasses, 
but this difference is only seen during the peak respiration period in late summer. 
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Sherrard reported that switchgrass monoculture is more susceptible to weed 
invasion than high diversity mixes. 
Laird demonstrated that soil biochar amendments are effective for enhancing soil 
quality and building soil organic carbon levels. Heaton found that -10% of Iowa 
cropland is consistently unprofitable, representing an economically viable entry for 
energy crops on identified land. 
Shao established the first stable gene expression platform for Scheffersomyces 
stipitis, an unconventional yeast that plays an important role in studying pentose 
uptake and utilization and generalized the method to another two nonconventional 
yeast species. 
Wen has determined that the cell attachment performance in an algal biofilm 
system is highly dependent of the surface texture of the materials, and determined 
the pore size with the best cell attachment. 
Wright has assessed the replacement of coal in existing power plants with bio-oil 
co-firing fuel. He also used techno-economic and uncertainty analysis of (1) in situ 
and ex situ fast pyrolysis for biofuel production to compare the uncertainty in 
gasoline and diesel production via in situ and ex situ catalytic fast pyrolysis, and 
(2) various gasification and fast pyrolysis scenarios to understand the short-term 
and long-term risks of biofuel production via these pathways. 
A total of 48 journal papers, 70 presentations, conference papers or other 
publications, and 56 proposals were submitted this past year from the BE Platform. 
Wind Energy (WE) 
Takle's team has used an alternative conceptual and numerical method built on a 
merging of two very recent theoretical developments to represent the atmospheric 
boundary layer in the widely used Weather Research and Forecasting model for 
difficult-to-forecast stably stratified nighttime conditions. Applying the new method, 
they demonstrated a 13% reduction in mean absolute error in wind speed forecasts, 
which is significant based on a DOE estimate that wind forecast accuracy 
improvements of 10-20% can save $100-300M in annual operating costs nationally. 
The new mixed-basis governing equations for complex terrain flows was validated 
with available experimental date over a complex terrain and NREL wind turbine 
data. It was determined that the algorithm developed in this project allows for faster 
simulations while also achieving a more accurate solution. 
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The reliability based design optimization (RBDO) of wind turbine blades was 
modified to account for the wide spatiotemporal wind load uncertainty in a wind 
turbine drivetrain design optimization. The multibody drivetrain dynamics simulation 
model was validated against test data provided in an NREL report. Sugiyama was 
then able to formulate a design optimization problem considering wind load 
uncertainty such that the total drivetrain weight (cost) can be minimized by 
optimizing the gear face width and tip relief simultaneously while ensuring a 20-year 
fatigue life. 
Molecular dynamic (MD) simulations were used by Xiao to study lubrication 
between bearings in wind turbines for this project. The MD simulations were carried 
out with the Larger~cale Atomic Molecular Massively Parallel Simulator code. He 
was able to determine the friction force under a prescribed normal load by summing 
the forces exerted on the atoms of the free layer and thermostat layer in the 
longitudinal and vertical direction, respectively. 
Dasgupta's team developed a new simulation-based optimization framework for 
solving the network design problem and showed shorter n.mtimes and smaller 
sample sizes in comparison with the standard cross entropy approach. 
A total of 11 journal papers, 31 presentations, conference papers or other 
publications, and 6 proposals were submitted this past year from the WE Platform. 
Energy Utilization (EU) 
Evaluation of Green Community Campaign data suggests that the social marketing 
intervention had very modest success at changing some targeted behaviors (e.g., 
LED usage) but not others (e.g., changing furnace filters). Awareness of the 
campaign and its messaging was also moderately successful, suggesting that 
modest behavior change may have been due to modest awareness at the 
community level. 
Computational Fluid Dynamics (CFD) simulations have been used to study natural 
ventilation flows and validated with experimental data from the Interlock House. 
Results show good agreement between the numerical simulations and 
experiments. The inclusion of some basic furniture and other features, such as 
bookshelves and kitchen countertops, gave a more realistic circulation pattern 
along the walls. 
The liquid desiccant experimental system was relocated in Year 5 to the Iowa 
Energy Center BECON facility in Nevada, IA because the current location was no 
longer available. With this transition, the system is being redesigned to reduce 
known issues such as size, weight, material corrosiveness, and pipe leaks. 
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A total of 2 journal papers, 29 presentations, conference papers or other 
publications, and 19 
proposals were submitted this past year from the EU Platform. 
Energy Policy (EP) 
Seven workshops and seven seminars were organized by the EP Platform and 
over 400 people attended these events. 
Additional EP research addressed country-specific estimates of the impact of high 
agricultural prices on land use change, and the results run counter to the 
conventional wisdom that increased US biofuel production results in significant 
conversion of land to agriculture causing a significant increase in greenhouse gas 
emissions. 
EP research also showed that the primary bottleneck to E85 sales is a lack of 
stations that sell it. USDA's program to triple the number of stations that sell E85 
will likely increase sales significantly. 
A total of 10 journal papers, 12 presentations, conference papers or other 
publications, and 9 proposals were submitted this past year from the EP Platform. 
Broader Impacts (Bl) 
Summer camps and internship programs for female, URM, and community college 
students are on pace to engage a similar cohort of students compared to Year 4, 
including a second offering of STEM activities to kindergarten students in the Iowa 
City area. UNI is holding two summer camps open to girls only and one is targeted 
at students with speech/hearing and learning disabilities. Over 800 students are 
expected to participate in these programs this year. 
Burt's diversity-focused seed grant aimed at exploring factors impacting the 
success of African American graduate students in STEM fields is ongoing and 
emergent themes include the attitudes and engagement levels of the research 
advisors (i.e., faculty) and unconscious biases that may be affecting these 
interactions. 
The summer academy for K-12 teachers has resulted in positive feedback from the 
participants. All teachers agreed that the overall quality of the program was high 
and that the professional development in this program was closely related to 
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everyday teaching. Teachers reported their intentions to use information about 
renewable energy in their classrooms in a variety of ways. 
In collaboration with the EP platform, support was provided for three symposia, one 
on STEM equity in rural Iowa at UI, one on transitioning to a cleaner energy future 
at Simpson College, and one in Des Moines on water quality issues in Iowa. 
A total of 4 presentations and 2 proposals were submitted this past year from Bl 
Platform team members. 
Key outcomes and achievements relative to Strategic Plan milestones and metrics 
are found in Appendix B, Section 1.2d. A slide deck of key accomplishments and 
sustainability activities from the five years of this project can be found in Appendix 
C and D. Selected highlights are outlined below with additional details provided in 
the appendices. 
BioEnergy (BE) 
Several high school teachers and students were hosted by bioenergy platform 
faculty. A George Washington Carver minority high school intern worked in 
Heaton's lab and is now an undergraduate at ISU working in her lab. An 
underrepresented minority student supported through the Louis Stokes Alliance 
Minority Program (LSAMP) conducted research in Mba-Wright's lab. 
A relationship between UNI and Black Hawk County Conservation Board (BHCCB) 
was formalized through a memorandum of agreement formalizing the Cedar River 
Natural Resource Area BAER Site. As a result, UNI researchers will have 
continued access to this site and provide an annual talk to the BHCCB. 
A final report for the Prairie Power Project was developed and is available on the 
Tallgrass Prairie Center's website: http://www.tallqrassprairiecenter.org/prairie· 
enerav/prairie-oower-oroject-final-report-and-brochure-2015. 
A portable pilot-scale algal biofilm system was developed with the best attachment 
material. 
An open-source computer code, based on the direct numerical simulation approach, 
was made available to the community for further research and development. 
Wind Energy (WE) 
Commissioning of the two 120 m tall towers for atmospheric boundary layer 
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measurements will be completed by August 2016. 
Results from the Crop/Wind Energy experiments (CWEX) analyses are being 
summarized and prepared for submission to multiple publications. Forthcoming 
relationships of wind farm wakes and crop energy flux comparisons over com vs. 
soybean and extremes in growing season (wet vs. dry) will be developed in a 
graduate student's MS thesis work. ISU course AGRON 590-DR: 
Micrometeorological Methods and Applications was offered as an experimental 
course that used the field observations from this project. 
The understanding of wind turbine bearing fatigue has been improved through the 
development of (1) a multiscale method for studying rolling contact fatigue, (2) a 
stable smoothed particle hydrodynamics (SPH) method, and (3) a "meshing" 
algorithm based on the centroid Voronoi tessellation (CVT) topology optimization 
method to generate uniformly distributed particles for particle methods. 
A grant was received from the Air Force Office of Scientific Research in spring 
2016 to further understand the implications of the fundamental vortex dynamics in 
dynamic stall and other separated, unsteady flows. 
Energy Utilization (EU) 
J. Yates, co-director of the Green Community Campaign, and C. Yates received 
the Tools for Change Landmark Award for a case study on community-level 
intervention to improve energy utilization. Founded on the principles of community-
based social marketing, Tools of Change Cwww.toolsofchanqe.com) engages 
program planners and facilitators from around the world to foster healthier, more 
sustainable choices and behaviors. To be designation as a "landmark" case study, 
programs go through a stringent peer review process. 
The Interlock House Community Laboratory research produced multiple calibrated 
models and will continue model validation of energy efficiency measures and 
occupancy controls. 
Just received a grant to develop a University of Iowa Mobile Museum display on 
renewable energy and energy utilization within Iowa. 
Energy Policy (EP) 
Three seed grants were provided to current (Rosburg at UNI) and new (Rudik and 
Lade at ISU) EP faculty to expand the EP activities. 
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Three policy briefing papers were published on land use changes and E85 usage. 
BRT 515- Energy Policy and BRT 516 - International Energy Policy continue to 
be successful. 
Broader Impacts (Bl) 
Survey results confirm that faculty find the professional development workshops to 
be extremely useful. 
The Bl checklist, developed through the ISU Grants Hub, has been requested by 
several EPSCoR jurisdictions (Alaska, Delaware, Montana, New Mexico, and 
Wyoming) and a non-EPSCoR jurisdiction (California). 
The continuation of faculty search committee training (through ISU ADVANCE to 
UI and UNI) has resulted in very favorable feedback and subsequent 
institutionalization of these practices. Assessment of the training is in process, as 
some of the searches have not been completed at the writing of this report. 
Workshops to encourage the engagement of another under-represented group -
persons with disabilities - have been conducted. 
Over the last year, more than 45 K-12 instructors received professional 
development training in the area of renewable energy, and as a result of these 
training opportunities, over 4,500 K-12 students have been exposed to the subject 
of finite energy sources and how the state of Iowa is addressing the shortfall by 
creating and implementing an extensive bio-based industry. These activities 
continue to provide STEM focus to K-12 students and will help strengthen the 
workforce in these areas for the future. 
PLTW staff are working with new schools in implementation of new PLTW 
programs to move forward the diversity agenda. Successful implementation of a 
new PLTW program includes planning for specific targeted recruitment of females 
and other URM students, improved classroom location choices, improved 
classroom environment, enhanced parent contact, etc. 
Four separate proposals for Project Lead the Way from the Iowa Governor's STEM 
Committee Scale-up program were implemented during the 2015-2016 school year; 
these include: (1) PLTW Launch (grades K-5), (2) PLTW Gateway (grades 6-8), (3) 
PLTW: Principles of Engineering, and (4) PLTW: Computer Science and Software 
Engineering. 
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Symposia entitled "STEM Education Equity: Policies to Create Opportunities in 
Rural Iowa" and "Iowa's Drinking Water: Could Flint Happen Here?" were co-
sponsored by Iowa NSF EPSCoR and the UI Public Policy Center. A symposium 
at Simpson College entitled "Envisioning Our Energy Future: What Will It Take?" 
was partially funded by Iowa NSF EPSCoR. 
The Energy Systems minor at ISU currently has 19 students enrolled in the minor. 
An additional 32 students have graduated with an undergraduate engineering degree 
that included the minor; 13 of those students graduated in Year 5. 
A new coursework-only Masters of Engineering in Energy Systems at ISU came 
on-line in fall 2014; 5 students are currently enrolled in the MEng in ES degree 
program. Two students completed the graduate certificate program in Energy 
Systems. 
A new course was offered at UNI entitled Tech 4100: Undergraduate Research in 
Construction Management. 
A new Bl course was piloted at ISU entitled ME 605: Broader Impacts of 
Engineering on Society. Faculty from Brown University and the Worcester 
Polytechnic Institute have requested information on this course. 
UI reconfigured their Wind Energy Certificate program to incorporate course work 
and faculty expertise from the departments of Mechanical and Industrial 
Engineering, Civil and Environmental Engineering, Electrical and Computer 
Engineering, and Geography. As of spring 2016, 2 students have graduated with a 
wind energy certificate and 2 students are currently enrolled. With the 
reconfiguration, it is anticipated that more students will complete this certificate 
program at U I. 
Nine legislators participated in the "Legislators in the Lab" program. 
*What opportunities for training and professional development has the project provided? 
Training and professional development opportunities were provided through all four research platforms and the Bl 
platform, and many of the efforts focused on student training and development. During Year 5 of this project, 14 post-
docs (8 female), 103 graduate students (32 female and 13 URM), and 102 undergraduate students (45 female and 14 
URM) were provided training opportunities through the Iowa NSF EPSCoR project. Note that the URM students were 
self-identified. Specific examples include: 
• Two UI graduate students in Rainer's group visited Brazil in July 2015 and have been collaborating with their 
Brazilian counterparts since then to perform data analysis and write up and submit their results. 
• A George Washington Carver minority high school intern worked in Heaton's lab and is now an undergraduate at 
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ISU working in her lab. 
• One PhD student working with Takle developed a multi-resolution decomposition analysis from the 20 Hz time 
series of CWEX-13 data to distinguish turbulence scales from natural local and non-local sources and from wind 
turbine wakes. The method was highlighted in the development of a larger collaborative proposal. 
• One of the PhD students working with Rajagopalan obtained a Symbi Fellowship 
(http://www.cbirc.iastate.edu/education/symbi/), which requires weekly interactions with students in the Des 
Moines Public Schools. 
Post-doctoral researchers were mentored through individual and group meetings and participated in graduate and 
undergraduate student mentoring as well as outreach. Graduate and undergraduate students across platforms have 
been mentored and trained in a wide variety of research and experimental skills and methods, equipment usage and 
computational research. Graduate students and post docs are gaining expertise in mentoring undergraduate students. 
Many students were able to attend workshops and conferences, domestically and internationally, for professional 
development and to present their research. Several of the Iowa NSF EPSCoR-supported students also received 
presentation awards at these events. For example, Esdras Murillo participated in INSPllRE LSAMP 2015-2016 and 
won 1st prize in the poster competition at the fall 2015 conference in Des Moines. 
Several post-docs and staff participated in training and professional development opportunities. For example, two post-
docs participated in the Preparing Future Faculty (PFF) program at ISU. 
Faculty were also provided many training and professional development opportunities during Year 5. Selected highlights 
from the past year include: 
• Over 30 faculty development programs were delivered across the three Regent Universities engaged over 750 
attendees. At ISU, about 73% of the attendees were early career faculty. 
• Assistant Professor Schwab at UNI was awarded tenure and promotion to Associate professor this year in part due 
to his research activities supported by the Iowa NSF EPSCoR project. 
• Andrea Wheeler received a BIG 12 fellowship which allowed her to visit the University of Texas-Austin to develop 
collaboration in the field of sustainable design. 
Programs have provided opportunities for participants to enhance mentoring skills - specifically the programs via the 
Sloan Center for Exemplary Mentoring at U I and the summer program pre-mentoring workshops at ISU. These 
mentoring workshops for faculty and graduate students/post-doctoral researchers were held to communicate best 
practices in student recruitment, engagement, and retention in order to maximize student success, especially for those 
from underrepresented groups. 
Faculty search committee training to recognize how factors such as implicit bias can affect diversity in recruitment of 
faculty have also been provided at the Regent Universities. These have been widely adopted across various colleges, 
thus impacting the attitudes and culture for a significant number of faculty. Faculty and staff have learned about 
opportunities and best practices for engaging persons with disabilities in research and learning environments. 
The summer programs for K-12 teachers offer extensive training on biorenewables (both fuels and chemicals) and 
Iowa's bioeconomy, as well as renewable energy. Participants at these training programs are also introduced to the 
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concept of a green-collar workforce and the increased demand for skilled labor to meet the needs of Iowa's extensive 
and growing bio-based industry. The creation of reports and manuals for administrators and faculty (U I College of 
Engineering Diversity Report, Summer STEM Camp Manual at UNI) also provide resources for training. 
All the PL TW training programs are design to engage instructors in effective delivery of the program to students. 
Specific examples include (1) PLTW Core Training Institutes were held on both the UI and ISU campuses, serving 
over 200 PLTW teachers for targeted curricular training in PLTW coursework; (2) PLTW Iowa Conferences for teachers 
(-100) and a separate conference for counselors and administrators; and (3) Engineering week event at Kirkwood 
community college for over 300 PLTW students. 
The new ISU course ME 605: Broader Impacts of Engineering on Society reported a high level of impact on the 
participating students -13 out of 14 students reported a high gain in understanding and appreciation of broader impacts 
activities aimed at achieving specific societal outcomes. 
Using the wind turbine laser processing learnings from this project, Ding has improved the manufacturing courses at 
UI, including ME:4116 Manufacturing Processes and Automation (senior-level undergraduate course) and ME:6217 
Advanced Modeling and Simulation for Manufacturing (graduate level). These course topics include conventional 
material processing and laser materials processing, which benefited from the outcomes of this research. 
Several trainings, workshops and courses focusing on the use of Cl have been organized and taught at UI and ISU. At 
UI, six courses were taught by 12 faculty and staff focusing on topics such as big data analysis, bioinformatics and 
computational genomics that impacted 121 students. One of the main courses at UI was developed for the education 
and benefit of new graduate, undergraduate, and post-doctoral fellows and entitled "Introduction to Helium and Neon," a 
two hour course that covers the details of the two University of Iowa clusters (Helium and Neon), basics of cluster 
computing environment, the job scheduler and hands-on session to submit the jobs and analyze the results obtained on 
these cluster computers. A data carpentry workshop at ISU was organized to provide researchers, especially those 
new to Cl, high-quality, domain-specific training covering the full lifecycle of data-driven research. 
One external engagement intern and one staff member were able to attend "The Visual Communications and 
lnfographics Summit," a conference designed expressly for Public Relations, Internal Communications and Corporate 
Communications Professionals. External Engagement graduate student Sara Parks attended the National EPSCoR 
Conference in November 2015 for professional development in NSF grant program administration. 
*How have the results been disseminated to communities of interest? 
Results from the Iowa NSF EPSCoR project have been disseminated to communities of interest through publications, 
presentations, and outreach events. Highlights are outlined below, first by summarizing publications, then identifying 
selected dissemination activities within each platform. 
Publication Summary in Year 5 
BE Platform: 48 peer-reviewed journal publications, 59 presentations, 11 other publications. 
WE Platform: 11 peer-reviewed journal publications, 3 conference proceedings, 22 presentations, 6 other publications. 
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EU Platform: 2 peer-reviewed journal publications, 6 conference proceedings, 19 presentations. 
EP Platform: 10 peer-reviewed journal publications, 7 presentations, 5 other publications. 
Bl Platform: 4 presentations. 
BioEnergy (BE) 
Results from the Cedar River Nature Resource Area BAER site has been presented at public outreach events with the 
Black Hawk County Conservation Board, as well as the National Conferences on Undergraduate Research (NCUR). 
Rating curves for Iowa Flood Center stage recorders in the Squaw Creek watershed were developed from data 
collected using the River Ray (equipment purchased through EPSCOR), and are used for flood forecasts. 
Platform faculty presented their work at numerous conferences, including (1) the ASA, CSSA, and SSSA International 
Annual Meetings, (2) TC Biomass, (3) the 36th International Symposium on Combustion, (4) the AIChE Annual 
Meeting, (5) the 24th North American Meeting of the Catalysis Society, and (6) the 17th International Symposium on 
Relations between Homogeneous and Heterogeneous Catalysis. Linderman provided an invited talk in China. 
Wind Energy (WE) 
Research related to wind resource characterization, including the CWEX results and 120 m tall tower plans, has been 
shared broadly. Venues include a student chapter of American Meteorological Society, and undergrad honors 
discussion group, an Iowa Public Radio interview, a local church group discussion, and the ISU Extension annual 
meeting 
The wind turbine drivetrain work has been presented at numerous conferences such as (1) the 2016 ASME 
International Conference on Multibody Systems, Nonlinear Dynamics, and Control, (2) the 2016 Joint International 
Conference on Multibody System Dynamics, (3) the 3rd CIRP Conference on Surface Integrity, (4) the 44th SME North 
American Manufacturing Research Conference, (5) the 2016 I ntemational Conference on Computational Science, (6) 
the 11th World Congress on Structural and Multidisciplinary Optimization, and (7) the American Society for Composites 
30th Technical Conference. 
Energy Utilization (EU) 
Findings from Green Community Campaign have been presented at the Behavior Energy & Climate Change conference 
each of the past three years. 
Passe has been invited to present her energy utilization work at a variety of venues, including (1) a Wells Fargo's Iowa 
Green Team monthly meeting, (2) CRP 453x Smart Cities in March 2016, (3) a workshop (with Kris Nelson, University 
of Florida) entitled "Delta T: High Performance Architectural Envelope Design and Evaluation" at a retreat for the 
Society for Building Science Educators, and (4) an invited lecture at the Israel Institute of Technology. She is also 
using her expertise to act as a visiting critic to the Technion School of Architecture, Haifa, Israel, and the University in 
Wiesbaden, Germany. 
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The results from the 2015 season forthe Imagine Energy Traveler trailer were communicated by the Iowa Renewable 
Energy Association on their website and at their annual meeting, which was attended by Just; he received a 
Partnership Award at this meeting for his efforts with the IET. 
Wheeler has presented her work at a variety of conferences including (1) Feminism and Architecture, (2) Sites of 
Production, (3) New Materialisms VI: Transversal Practices, Matter, Ecology and Relationality, (4) Philosophia, and (5) 
Nordic Environmental Social Sciences Conference. She was also invited to prepare a blog post for the academic site 
Critical Legal Thinking that was published in November 2015. 
Energy Policy (EP) 
The EP platform has hosted an array of seminars and workshops and each have been recorded and posted on the 
EPSCoR web site for viewing. 
Pouliot gave academic seminars at the University of Nebraska and McGill University in Quebec. Graduate student 
Kenneth Liao gave a presentation at the national meetings of the Agricultural and Applied Economics Association. 
Babcock made presentations at Stanford University, the Brookings Institution in Washington, DC, and at the 
Coordinating Research Council meetings in Chicago. 
Three policy briefing papers were published that were targeted at policymakers at EPA and Congress. One provided 
new estimates of land use changes caused by high commodity prices. The others provided estimates of the feasibility 
of meeting expanded ethanol mandates in the Renewable Fuel Standard with increased consumption of E85. 
Broader Impacts (Bl) 
Evaluation data for the various programs have been collected and are being shared with colleges and center directors in 
an effort to better tailor future programs to meet faculty/staff needs. In addition, presentations have been made or are 
planned at national conferences such as NSF ADVANCE, NCUR, and NORDP. The development of the Grants Hub 
and the Bl checklist has been presented by Sundararajan at the 2016 National Alliance for Broader Impacts (NABI) 
summit; as a result, he has been contacted by several EPSCoR jurisdictions (Alaska, Delaware, Montana, New 
Mexico, and Wyoming) and a non-EPSCoR jurisdiction (California) for copies of the Bl checklist. Sundararajan was a 
member of the task force that developed the best practices document for broader impacts that was disseminated by 
NABI in spring 2016. 
The syllabus for the new ISU course ME 605: Broader Impacts of Engineering on Society has been shared with 
colleagues at Brown University and the Worcester Polytechnic Institute. 
The primary mode of dissemination of the results of diversity activities has been through presentations at regional and 
national meetings, as well as through media outlets across the state. Examples include (1) presentations by faculty 
and student researchers supported by Iowa NSF EPSCoR and LSAMP at regional and national conferences; (2) co-
organization of the annual meeting of the National Alliance for Broader Impacts (NABI) summit; (3) articles and 
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publicity on events through the Iowa NSF EPSCoR webpages and newsletters; and (4) presentations to university 
administration on best practices and other opportunities to promote diversity in campus. 
The STEM content and relevant information acquired during workforce development programs is disseminated to all 
participants. Results of the PLTW training efforts have been disseminated to communities of interest through various 
presentations and the website (www.pltwiQWa.org) and a magazine entitled PLTW Iowa STEM Pathways. Research at 
the community colleges has been disseminated via regional conferences. 
Presentations about Cl resources have been conducted on the campuses of UI and ISU. The online portals are freely 
accessible to all. 
The External Engagement team has been disseminating results to communities of interest via written articles which are 
posted on the project web site, http://iowaepscor.org; shared with congressional aides at a briefing; included in the 
Iowa EPSCoR Energy Innovator newsletter; included in NSF Highlights; shared with industries; shared with all faculty, 
staff and students and the Regent Universities; shared in news releases to the Iowa press; and shared with teachers 
involved in STEM programs. In addition, materials have been shared with participants at a variety of events and 
conferences across the state of Iowa. 
*What do you plan to do during the next reporting period to accomplish the goals? 
A no-cost extension (NCE) has recently been granted to extend limited activities into a 6th year of this project. It is 
anticipated that all activities will be completed by the end of Year 6 (August 31, 2017). 
The primary focus during the NCE period will be on tall tower data acquisition, trouble-shooting, and presentation. 
Since the towers are only now being commissioned, their use before the original project end date is limited. The NCE 
period will allow for more than one year of continuous data acquisition and monitoring. The annual tower maintenance 
and support fees will also be covered by the Iowa NSF EPSCoR budget during the NCE period. Funds for three 
additional years (at a minimum) of tall tower operation (Sept. 1, 2017 -Aug. 31, 2020) have been secured through ISU. 
Selected broader impact activities will also be completed during the NCE period. A limited number of summer research 
opportunities for students from underrepresented groups, including students from community colleges, will further 
establish pipelines to the Regent Universities to enhance diversity and inclusivity in the research and education 
enterprise. Campus programs (Programs for Women in Science and Engineering, llNSPIRE-LSAMP, etc.) will continue 
to be leveraged to recruit diverse undergraduate students in research activities. Mentoring support will be provided for 
faculty and others to enable effective engagement of women and URM students. Benchmarks and metrics will be 
further developed for diversity efforts, and tools for effective assessment and evaluation of diversity efforts, including 
assessing the Bl focus of the Grants Hub, will be developed. ME 605: Broader Impacts of Engineering on Society will 
be offered for the second time and its impact assessed. 
Finally, the External Engagement team will provide limited support to assist in communicating the activities and 
successes of the Iowa NSF EPSCoR project. One example in this area is a planned day at the Iowa legislature, 
targeted for January 2017, showcasing the impact of Iowa NSF EPSCoR on the State of Iowa. 
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Science. Chicago, IL. Status= OTHER; Acknowledgement of Federal Support= Yes 
lusubova, N. (2016). Towards a multiscale assessment of wind energy resources and suitability in the Russian Arctic .. 
American Association of Geographers Meeting. San Francisco, CA. Status = OTHER; Acknowledgement of Federal 
Support = Yes 
Iqbal, Z. & Babcock, B. (2016). Transmission of Global Commodity Prices to Domestic Producer Prices: A 
Comprehensive Analysis .. Agricultural and Applied Economics Association .. Boston, MA. Status= OTHER; 
Acknowledgement of Federal Support = Yes 
Passe, U., Deza, M., Ganapathysubramanian, B., He, S. & Xu, S. (2016). Typological Studies For Passive Design 
Strategies Based On Coupled Measurad And Modelled Data .. Simulation for Architecture and Urban Design (SimAUD) 
2016. London. Status= OTHER; Acknowledgement of Federal Support= Yes 
Johnston, P.A., Lindstrom, J., Proano, J., Gable, P. & Brown, R.C. (2015). Understanding the effect of heating rates on 
biomass depolymerization in a free-fall reactor coupled to a time-Of-flight mass spectrometer.. Fourth International 
Conference on Thermochemical Biomass Conversion Science. Chicago, IL. Status= OTHER; Acknowledgement of 
Federal Support = Yes 
Ou, L., Li, B., Dang, Q., Jones, S., Brown, R.C. & Wright, M.M. (2015). Understanding uncertainty of transportation 
fuel production via biomass gasification and mixed alcohol synthesis .. Fourth I ntemational Conference on 
Thermochemical Biomass Conversion Science .. Chicago, IL. Status= OTHER; Acknowledgement of Federal Support 
= Yes 
Babcock, B. (2015). Using Recent Land Use Changes to Validate Land Use Change Models. Coordinating Research 
Council CRC Workshop on Life Cycle Analysis of Transportation Fuels. Chicago, IL. Status = OTHER; 
Acknowledgement of Federal Support = Yes 
He. S & Passe, U. (2016). Utilizing CFO For Passive Solar Design Validation. 2016 ASH RAE Annual Conference. St. 
Louis, MO. Status= OTHER; Acknowledgement of Federal Support= Yes 
Li, H., Sugiyama, H., Choo, H., Choi, K.K. & Gaul, N.J. (2016). Wind Turbine Drivetrain Dynamics Simulation for Gear 
Contact Fatigue Prediction under Wind Load Uncertainty. Joint International Conference on Multibody System 
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Dynamics 2016 (IMSD2016) .. Montreal, Canada. Status= OTHER; Acknowledgement of Federal Support= Yes 
Other Products 
Databases. 
Wind Energy Platform: 
Negotiations are pending for CWEX data to be submitted to U.S. DOE A2e data portal. Negotiations pending for 
CWEX data to become part of the US National Mesonet. 
Multi-body dynamics simulation code integrated with multidisciplinary reliability based design optimization code, 
RAMDO, for wind turbine drivetrain dynamics analysis and design optimization. 
Acess to the Kirkwood wind database is provided through a web interface (see Websites). 
Energy Utilization Platform: 
RDS Server MySQL for Interlock house online management has been developed and will be available for use. 
Audio or Video Products. 
Energy Policy Platform: 
Iowa NSF EPSCoR seminars and workshops for 2015-2016 (as well as older recordings) are available at the following 
links: 
http://iowaepscor.org/research/energy/policy/seminars 
http://iowaepscor.org/research/energy/policy/workshops 
Broader Impacts External Engagement: 
IA NSF EPSCoR Vimeo and Youtube materials can be found here: 
https:l/vimeo.com/iowansfepscor/videos 
https:l/www.youtube.com/user/lowaNSFEPSCoR 
Models. 
BioEnergy Agriculture Platform: 
Rating curves for Iowa Flood Center stage recorders in the Squaw Creek watershed were developed from data 
collected using the River Ray (equipment purchased through EPSCOR). 
Wind Energy Platform: 
The following models have been developed: 
Experimental wind turbine models for performing wind tunnel measurements. 
Improved formulation of the MYNN PBL scheme for the the Weather and Forecasting (WRF) model. 
Multibody drivetrain dynamics model for 750KW GRC wind turbine. 
3D metallo-thermo-mechanically coupled finite element model to model the temperature-dependent mechanical 
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deformation and microstructural evolution during the ultrasonic spot welding process. 
Uniformly distributed particles in particle methods. 
RBDO procedure for composite wind turbine blades considering wind load uncertainty and manufacturing uncertainty. 
Instruments or Equipment. 
Wind Energy Platform: 
Additions to experimental facilities: 
Two 120-m meteorological towers will be operational by June, 2016. 
Improvements were made to the instrumentation carriage in the UI wind tunnel to minimize blockage effects. 
Improvements in cyber infrastructure 
Database server, web server for tall tower data archive and processing and dissemination to public and private users. 
The website with user-friendly GU Is and access controls to data products are in development. 
Broader Impacts Checklist. 
Broader Impacts Guiding Principles and Questions for National Science Foundation Proposals', document for 
researcher community produced by a National Alliance for Broader Impacts Taskforce. Co-Pl Sundararajan was a 
member of the taskforce. 
Other Publications 
Pouliot, S. & Babcock, B. (2015). How Much Ethanol Can Be Consumed in E85?. Briefing Paper 15-BP 54. Status= 
PUBLISHED; Acknowledgement of Federal Support = Yes 
Wheeler, A. (2015). Space: Notes on the Worl< of Luce lrigaray. Critical Legal Thinking Blog. Status= PUBLISHED; 
Acknowledgement of Federal Support = No 
Liao, K. & Pouliot, S. (2016). Willingness to Pay for Ethanol in Motor Fuel: Evidence from Revealed and Stated 
Preference for E85. Worl<ing Paper 16-WP 562 .. Working Paper 16-WP 562 .. Status= PUBLISHED; 
Acknowledgement of Federal Support = Yes 
Patents 
Bio-oil formulation as an asphalt substitute,. Patent No. 9,200, 161 B2. UNITED STATES. Application Date= 
05131/2011. Status= Granted 
Low Temperature, Low Pressure Upgrading and Stabilization of Bio-oil or Bio-oil Fractions. Patent No. 20150291892. 
UNITED STATES. Application Date= 04/1512015. Status= Pending 
Method To Produce Muconic Acid Using Yeast. Patent No. 62253432. UNITED STATES. Application Date= 
11/10/2015. Status= Pending 
Method for pretreating lignocellulosic biomass. Patent No. US 9109049 B2. UNITED STATES. Application Date= 
03/14/2013. Status =Granted 
Selective temperature quench and electrostatic recovery of bio-oil fractions. Patent No. US 8992736 B2. UNITED 
STATES. Application Date= 05124/2011. Status= Granted 
Technologies or Techniques 
Thesis/Dissertations 
Fidel, R.. Biochar properties and impact on soil C02 and N20 emissions .. (2015). Iowa State University. 
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Acknowledgement of Federal Support = Yes 
Hoksch, B.J .. Butterfly and floral community dynamics at a native prairie agrofuel research site .. (2015). University of 
Northern Iowa. Acknowledgement of Federal Support= No 
Ridgway, A.J .. Density and diversity of bees in the Midwestern agricultural landscape: Influence of surrounding 
agricultural land use and biofuel candidate crops .. (2016). University of Northern Iowa. Acknowledgement of Federal 
Support = Yes 
Young, J.L.. Effects of soil type and plant diversity on soil respiration and litter decomposition in a tallgrass prairie 
biofuel production system. (2016). University of Northern Iowa. Acknowledgement of Federal Support= Yes 
Jahn, D.E .. Improvement of numerical wind forecasts at wind turbine height for wind ramp events within the stable 
boundary layer.. (2016). Iowa State University. Acknowledgement of Federal Support= Yes 
Vinel, A .. Mathematica/ programming techniques for solving stochastic programming problems with certainty equivalent 
risk measures. (2015). University of Iowa. Acknowledgement of Federal Support= Yes 
Koos J .. Plant nitrogen use in prairie biomass feedstocks .. (2016). University of Northern Iowa. Acknowledgement of 
Federal Support = Yes 
Sun, B .. Risk-Averse Design and Operation of Renewable Energy Power Grids. (2015). University of Iowa. 
Acknowledgement of Federal Support = Yes 
Akkala, J .. Understanding and Controlling Vorticity Transport in Unsteady. (2015). University of Iowa. 
Acknowledgement of Federal Support = No 
Websites 
IA NSF EPSCoR Events Page 
http://iowaecscor.org/newsfevents 
Current and past events. 
IA NSF EPSCoR Facebook page 
https://www.facebook.com/lowaEPSCoR/ 
IA NSF EPSCoR Features Page 
http://iowaepscor. erg/news/features 
IA NSF EPSCoR Homepage 
http://iowaepscor.org 
The homepage includes links to news, events, past events, opportunities, directories and other Iowa NSF EPSCoR 
information. 
IA NSF EPSCoR In the Media 
http://www. iowaepscor. org/news/media 
Collection of news featuring IA NSF EPSCoR participants. 
IA NSF EPSCoR News page 
http://iowaepscor.org/news/2016 
Numerous Iowa NSF EPSCoR stories for this and past reporting periods are available here. 
IA NSF EPSCoR Profiles Page 
http://iowaepscor.org/news/profiles 
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IA NSF EPSCoR Twitter 
https://twitter.com/lowaNSF EPSCoR 
Iowa State Grants Hub 
http://www.grantshub.iastate.edu/ 
RPPR - Previaw Report 
The Grants Hub is a centralized unit at Iowa State University within the Office of the Vice President for Research that 
provides a broad range of services, resources, and training to help researchers find, obtain, and manage external 
funding. In particular, the Grants Hub aims to assist new researchers' pursuit of funding and help experienced 
researchers reach higher levels of funding. 
Kirkwood Wind Data 
http://epscor2..cgrer.uiowa.edu/html/kirkwood. html 
Access to Kirkwood Wind Energy data base. 
PLTW Iowa Website 
http://www.pltwiowa.org./ 
This website provides PLTW teachers, administrators, counselors, parents and students in Iowa a single source of 
information regarding PLTW in Iowa, news and upcoming events, a link to the PLTW magazine, and much more Iowa 
specific information. 
Participants/Organizations 
What individuals have worked on the project? 
Name Most Senior Project Role 
Heindel, Theodore PD/Pl 
Brown, Robert Co PD/Pl 
Butler, Patrick Co PD/Pl 
Sundararajan, Sriram Co PD/Pl 
Ahn, Junyong Faculty 
Babcock, Bruce Faculty 
Baughman, Jacqulyn Faculty 
Buchholz, James Faculty 
Burt, Brian Faculty 
Choi, Kyung Faculty 
Chopra, Shweta Faculty 
r"\.L--.. .. ·--1- 1-'-··:.&- ,... ___ ....... 
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unanwaaa, l".Bvna r-acu11y 
Ding, Hongtao Faculty 6 
Elgersma, Kenneth Faculty 3 
Ganapathysubramanian, Faculty 1 
Baskar 
Heaton, Emily Faculty 5 
Jarboe, Laura Faculty 1 
Just, Craig Faculty 2 
Kong, Song-Chamg Faculty 2 
Krokhmal, Pavlo Faculty 3 
Kucuksari, Sadik Faculty 1 
Lade, Gabriel Faculty 1 
Laird, David Faculty 1 
Linderman, Marc Faculty 3 
Losch, Mary Faculty 3 
Mupasiri, Douglas Faculty 1 
Myers, Mark Faculty 3 
Passe, Ulrike Faculty 3 
Peeples, Tonya Faculty 1 
Petrov, Andrey Faculty 1 
Pouliot, Sebastien Faculty 1 
Rajagopalan, R. Faculty 1 
Ratner, Albert Faculty 1 
Rethwisch, David Faculty 6 
Rosburg, Alicia Faculty 5 
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Rudik, Ivan Faculty 1 
Schwab, Nicholas Faculty 1 
Shanna, Anupam Faculty 1 
Sugiyama, Hiroyuki Faculty 1 
Takle, Eugene Faculty 3 
Tessonier, Jean-Philippe Faculty 2 
Vanloocke, Andrew Faculty 1 
Wen, Zhiyou Faculty 1 
Wheeler, Andrea Faculty 2 
Wright, Mark Mba Faculty 12 
Xiao, Shaoping Faculty 2 
Yates, Jack Faculty 1 
Bakshi, Santanu Postdoctoral (scholar, fellow or other postdoctoral 6 
position) 
Banik, Chumki Postdoctoral (scholar, fellow or other postdoctoral 6 
position) 
Bonin, Catherine Postdoctoral (scholar, fellow or other postdoctoral 2 
position) 
Brandes, Elke Postdoctoral (scholar, fellow or other postdoctoral 5 
position) 
Dang, Qi Postdoctoral (scholar, fellow or other postdoctoral 12 
position) 
Fidel, Rivka Postdoctoral (scholar, fellow or other postdoctoral 6 
position) 
He, Shan Postdoctoral (scholar, fellow or other postdoctoral 11 
position) 
Lian, Jieni Postdoctoral (scholar, fellow or other postdoctoral 6 
position) 
D~i°'.,~l,i n"u.,iol Onc.+...i,.,.+,.,...I f<>,.hnl""r lolln.u nr n+hor nn<>+...i,_,.+,.,...I 1? 
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position) 
Shanna, Ashokkumar Postdoctoral (scholar, fellow or other postdoctoral 2 
position) 
Tao, Zaigao Postdoctoral (scholar, fellow or other postdoctoral 1 
position) 
Wu, Lei Postdoctoral (scholar, fellow or other postdoctoral 6 
position) 
Yang, Xiufeng Postdoctoral (scholar, fellow or other postdoctoral 12 
position) 
Avery, Mitchell Other Professional 2 
Bleeker, Lynne Other Professional 2 
Boersma, Nicholas Other Professional 10 
--
Carr, Christina Other Professional 1 
Friend, Andrew Other Professional 1 
Funkhouser, Jordan Other Professional 2 
--
Gable, Preston Other Professional 2 
Hall, Patrick Other Professional 1 
Hall, Eric Other Professional 3 
Heiden, Erin Other Professional 2 
Henry, Victoria Other Professional 3 
Herzmann, Dary Other Professional 1 
Higby, Pat Other Professional 5 
Hunt, Tolif Other Professional 1 
Irvin, Samantha Other Professional 12 
Johnston, Patrick Other Professional 3 
Kristmundsdottir, Asrun Other Professional 2 
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La Gesse, Jennifer Other Professional 1 
Lee, Show-Ling Other Professional 3 
Lehman, Chelle Other Professional 12 
Leshem, Adah Other Professional 2 
Maddhi, Srinivas Other Professional 4 
Miller, Brenna Other Professional 1 
Mills, Robert Other Professional 4 
Munson, Kandace Other Professional 12 
Perez Gonzales, Maria Other Professional 1 
Peterson, Marc Other Professional 6 
Peterson, Tracy Other Professional 3 
Ramadugu, Sai Kumar Other Professional 3 
Rathke, Samuel Other Professional 12 
Renfro, Stacy Other Professional 1 
Roberts, Roberta Other Professional 1 
Rogers, Benjamin Other Professional 2 
Rogovoska, Natalia Other Professional 1 
Rover, Marjorie Other Professional 1 
Salterberg, Susan Other Professional 1 
Schnec:ller, Katie Other Professional 3 
Seavey, Marcy Other Professional 3 
Sloan Schroeder, Camille Other Professional 3 
Smith, Joseph Other Professional 9 
Smith, Ryan Other Professional 2 
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Voss, Jonathan Other Professional 1 
Wen, Ai Other Professional 1 
Whitmer, Lysle Other Professional 2 
Wilson, Danielle Other Professional 1 
Yates, Carole Other Professional 1 
Abdolmohammadi, Sanaz Graduate Student (research assistant) 1 
Abineni, Karthik Graduate Student (research assistant) 4 
Akkala, James Graduate Student (research assistant) 4 
Aller, Deborah Graduate Student (research assistant) 6 
Amriri, Zeinab Graduate Student (research assistant) 2 
Amundson, Mitch Graduate Student (research assistant) 12 
Apanovich, Natalia Graduate Student (research assistant) 12 
Baker, Aaron Graduate Student (research assistant) 6 
Bbosa, Denis Graduate Student (research assistant) 12 
Brar, Navinder Graduate Student (research assistant) 1 
Burke, Ruth Graduate Student (research assistant) 1 
Burkhart, Jordan Graduate Student (research assistant) 5 
Bums, Caleb Graduate Student (research assistant) 5 
Campbell, Fabian Graduate Student (research assistant) 1 
Daugaard, Tannon Graduate Student (research assistant) 12 
Davis, Kirsten Graduate Student (research assistant) 6 
Dedic, Chloe Graduate Student (research assistant) 2 
Del-Campo, Bernardo Graduate Student (research assistant) 2 
Doorenbos, Russell Graduate Student (research assistant) 3 
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Fischels, Matthew Graduate Student (research assistant) 12 
Friesen, Katherine Graduate Student (research assistant) 9 
Gao, Xi Graduate Student (research assistant) 3 
Ghaffari, Mir Ali Graduate Student (research assistant) 12 
Ghinazzi, Anna Graduate Student (research assistant) 2 
Ghosh, Arpa Graduate Student (research assistant) 2 
Gross, Martin Graduate Student (research assistant) 1 
Gupta, Sankalp Graduate Student (research assistant) 2 
Hall, Joseph Graduate Student (research assistant) 6 
Haver1y, Martin Graduate Student (research assistant) 1 
He, Baosheng Graduate Student (research assistant) 4 
Hoff, Thomas Graduate Student (research assistant) 6 
Hormell, Jennifer Graduate Student (research assistant) 5 
Hou, Yuxing Graduate Student (research assistant) 2 
Iqbal, Zabid Graduate Student (research assistant) 7 
--
lusubova, Narmina Graduate Student (research assistant) 2 
Jahn, David Graduate Student (research assistant) 12 
Jin, Tao Graduate Student (research assistant) 6 
Johnson, Kayla Graduate Student (research assistant) 1 
Knight, Alexander Graduate Student (research assistant) 5 
Krebill, Austin Graduate Student (research assistant) 8 
Kruckenberg, Carter Graduate Student (research assistant) 9 
Lawrinenko, Michael Graduate Student (research assistant) 6 
Li, Wenqin Graduate Student (research assistant) 12 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 47/168 
611/2016 RPPR - Previaw Report 
Li, Huaxia Graduate Student (research assistant) 4 
Li, Ziyuan Graduate Student (research assistant) 2 
Liao, Kenneth Graduate Student (research assistant) 7 
Lindstrom, Jake Graduate Student (research assistant) 1 
Long, Guo Graduate Student (research assistant) 3 
Lundgren, Kathryn Graduate Student (research assistant) 5 
Marguglio, DeAnna Graduate Student (research assistant) 9 
Masur, Arif Graduate Student (research assistant) 1 
McKen, Alade Graduate Student (research assistant) 9 
Murali, Avinaash Graduate Student (research assistant) 12 
Nagdive, Aniket Graduate Student (research assistant) 1 
Nielsen, Dylan Graduate Student (research assistant) 1 
Nyaema, Mary Graduate Student (research assistant) 6 
Ooi, George Graduate Student (research assistant) 2 
Ou, Longwen Graduate Student (research assistant) 1 
Pan, Yaoyu Graduate Student (research assistant) 12 
Parks, Sara Graduate Student (research assistant) 8 
Peiffer, Benjamin Graduate Student (research assistant) 2 
Polin, Joseph Graduate Student (research assistant) 1 
Proano-Aviles, Juan Graduate Student (research assistant) 1 
Qi, Fenglei Graduate Student (research assistant) 12 
Rajan, Amritha Graduate Student (research assistant) 2 
Ridgway, Andrew Graduate Student (research assistant) 6 
Roby, Matt Graduate Student (research assistant) 12 
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Salinas, Manuel Graduate Student (research assistant) 3 
Sanderson, Patrick Graduate Student (research assistant) 1 
Scheidecker, Eric Graduate Student (research assistant) 1 
Schroetter, Joshua Graduate Student (research assistant) 5 
Schulz, Caitlyn Graduate Student (research assistant) 5 
Shanna, Tejasvi Graduate Student (research assistant) 3 
Shen, Ninggang Graduate Student (research assistant) 9 
Shi, Yunye Graduate Student (research assistant) 1 
Sun, Bo Graduate Student (research assistant) 4 
Tayyebi, Amir Graduate Student (research assistant) 3 
Tejera, Mauricio Graduate Student (research assistant) 5 
Thilakaratne, Rajeeva Graduate Student (research assistant) 1 
Thompson, Olivia Graduate Student (research assistant) 3 
liarks, Jordan Graduate Student (research assistant) 2 
Vancise, Kyle Graduate Student (research assistant) 2 
White, Derek Graduate Student (research assistant) 2 
Young, Therin Graduate Student (research assistant) 8 
Young, Jordan Graduate Student (research assistant) 6 
Zang, Guiyan Graduate Student (research assistant) 2 
Zhao, Xuefei Graduate Student (research assistant) 6 
Abbott, Baily Undergraduate Student 2 
Anderson, Ryan Undergraduate Student 1 
Arends, Jocelyn Undergraduate Student 3 
Atherton, Jacob Undergraduate Student 1 
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Austin, Brett Undergraduate Student 3 
Benner, Jacob Undergraduate Student 2 
Bishop, Nicole Undergraduate Student 3 
Bockhaus, Jonathan Undergraduate Student 3 
Bozorgzadeh, Kaleb Undergraduate Student 2 
Brewer, Zane Undergraduate Student 2 
Burtnett, Thomas Undergraduate Student 2 
Cano Camacho, Valeria Undergraduate Student 4 
Chierici, Nicholas Undergraduate Student 2 
--
Christianson, Cody Undergraduate Student 1 
--
Comeh, Mariama Undergraduate Student 3 
Cowan, Jon Undergraduate Student 1 
Degatano, Alex Undergraduate Student 2 
Diaz, Andrea Undergraduate Student 3 
Doyle, Roman Undergraduate Student 3 
Esquivel, Alyssa Undergraduate Student 3 
Fleenor, Kelsey Undergraduate Student 1 
Fritz, Logan Undergraduate Student 1 
Gardner, David Undergraduate Student 2 
Gregorovic, Allison Undergraduate Student 2 
Gross, Michael Undergraduate Student 3 
Gumpert, Andrew Undergraduate Student 3 
Hamlett, Nathan Undergraduate Student 2 
Hernandez, Jesus Undergraduate Student 2 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 00'168 
611/2016 RPPR - Previaw Report 
Higgins, Chrtstopher Undergraduate Student 3 
Hinshaw, Kathryn Undergraduate Student 4 
Jackson, Jocelyn Undergraduate Student 4 
Jeanblanc, Evan Undergraduate Student 4 
Jochems, Clint Undergraduate Student 1 
Johnson, Sam Undergraduate Student 1 
Johnson, Paul Undergraduate Student 2 
Jones, Samantha Undergraduate Student 1 
Joshi, Paavan Undergraduate Student 2 
Karkow, Benjamin Undergraduate Student 1 
Keefe, Daniel Undergraduate Student 3 
Koos, Jordan Undergraduate Student 8 
Komtved, Rachel Undergraduate Student 1 
Lash, Elizabeth Undergraduate Student 3 
Lopez, Jazmin Undergraduate Student 3 
Mailachalam, Shridharshna Undergraduate Student 3 
Malloy, Dan Undergraduate Student 1 
Michaelsen, Laura Undergraduate Student 2 
Morse, Barbara Undergraduate Student 1 
Morse, Daniel Undergraduate Student 1 
Moser, Samantha Undergraduate Student 2 
Most, Ben Undergraduate Student 2 
Mowery, Charles Undergraduate Student 2 
Murtllo, Esdras Undergraduate Student 4 
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Okoren, Kelley Undergraduate Student 1 
Oskielunas, Anthony Undergraduate Student 3 
Parcher, Sara Undergraduate Student 3 
Perreault, Marisa Undergraduate Student 1 
Peterson, Andrew Undergraduate Student 12 
Peterson, Elspeth Undergraduate Student 1 
Powell, Glyn Undergraduate Student 4 
Pryor, Richard Undergraduate Student 3 
Racinowski, Kayla Undergraduate Student 2 
Ricke, Jacquelyn Undergraduate Student 3 
Schreck, Landon Undergraduate Student 3 
Seelau, Sean Undergraduate Student 3 
Senn, Amanda Undergraduate Student 3 
Simons, Ryan Undergraduate Student 2 
Speltz, Samantha Undergraduate Student 1 
Stobaugh, Shea Undergraduate Student 2 
Stopak, Kelsie Undergraduate Student 2 
Su, Qingyang Undergraduate Student 3 
Tan, Yee Undergraduate Student 1 
Thayer, Michelle Undergraduate Student 2 
Thomas, Amanda Undergraduate Student 6 
Torres, Christian Undergraduate Student 3 
Uhlenhake, Kyle Undergraduate Student 4 
Uribe, Brandon Undergraduate Student 3 
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Wagner, Angela Undergraduate Student 
Wallace, Audrey Undergraduate Student 
Wang, Yunlong Undergraduate Student 
Wigans, Lucas Undergraduate Student 
Winkowitsch, liffany Undergraduate Student 
Zhou, Jenny Undergraduate Student 
Full details of individuals who have worked on the project: 
Theodore J Heindel 
Email: theindel@iastate.edu 
Most Senior Project Role: PD/Pl 
Nearest Person Month Worked: 7 
Contribution to the Project: Project Director and Energy Utilization Platform leader. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Robert C Brown 
Email: rcbrown3@iastate.edu 
Most Senior Project Role: Co PD/Pl 
Nearest Person Month Worked: 1 
2 
1 
2 
1 
2 
1 
Contribution to the Project: BioEnergy Platform Leader, BioEnergy Logistics & Conversion: Piank leader, BEi 
director, oversees BRL laboratories that house shared instrumentation. 
Funding Support: NA 
International Collaboration: Yes, Mexico 
International Travel: No 
Patrick B Butler 
Email: patrick-butler@uiowa.edu 
Most Senior Project Role: Co PD/Pl 
Nearest Person Month Worked: 3 
Contribution to the Project: Wind Energy: Platform leader. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Sriram Sundararajan 
Email: srirams@iastate.edu 
Most Senior Project Role: Co PD/Pl 
Nearest Person Month Worked: 3 
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Contribution to the Project: Broader Impacts: Platform leader 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
JunyongAhn 
Email: junyong.ahn@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: O 
Contribution to the Project: Energy Utilization Building Science: leads the UNI building science efforts 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Bruce Babcock 
Email: babcock@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Policy Platform leader 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jacqulyn Baughman 
Email: jacqulyn@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Director of Graduate Education for the 
interdisciplinary Biorenewable Resources and Technology program, manages BRL teaching labs that housed 
summer middle school academies 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
James Buchholz 
Email: james-h-buchholz@uiowa.edu 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 541168 
611/2016 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: Wind Energy - Blade Performance and Reliability: Experimental rotor aerodynamics 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Brian Burt 
Email: burt@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Workforce Development: Seed grant on diversity of grad student 
workforce. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kyung K. Choi 
Email: kkchoi@engineering.uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Drivetrain Plank leader. Carried out research to develop reliability-based 
design optimization method for wind energy system. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Shweta Chopra 
Email: shweta@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Faculty Development: Seed grant on workforce development 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kavita Dhanwada 
Email: kavita.dhanwada@uni.edu 
Most Senior Project Role: Faculty 
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Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Faculty Development/Broader Impacts Work Force Development: 
UNI representative on management team; work with Sponsored Programs office to dispense seed funds to faculty; 
provided funds for grant development seminar for UNI faculty/staff. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Hongtao Ding 
Email: hongtao-ding@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 6 
Contribution to the Project: Wind Energy Drivetrain Design & Optimization: laser based manufacturing of wind 
turbine components. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kenneth Elgersma 
Email: kenneth.elgersma@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: biology research -plant-soil dynamics in prairie biofuel 
feedstocks, plant ecology, and microbial ecology. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Baskar Ganapathysubramanian 
Email: baskarg@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization: Wind fann data analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Emily Heaton 
Email: heaton@iastate.edu 
Most Senior Project Role: Faculty 
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Nearest Person Month Worked: 5 
Contribution to the Project: Bioenergy Agriculture plank: Biomass crop production at ISU BAER site and UI 
Biomass Power Project 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Laura Jarboe 
Email: ljarboe@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Plank Leader 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Craig Just 
Email: craig-just@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science Plank: Leads the community laboratory efforts in 
Columbus Junction, Iowa. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Song-Chamg Kong 
Email: kong@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Thennochemical modeling, supervises post-docs 
in developing computatonal tools. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Pavlo Krokhmal 
Email: pavlo-krokhmal@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
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Contribution to the Project: Wind Energy Green Energy Grids: Model development, student mentoring 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sadik Kucuksari 
Email: sadik.kucuksari@uni.edu 
Most Senior Project Role: Faculty 
Nearest Parson Month Worked: 1 
Contribution to the Project: Broader Impacts Faculty Development: Seed grant recipient Year 4, Summer camp 
director-June 2015 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Gabriel Lade 
Email: gelade@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Policy: Seed grant to study the pass-through of implicit biofuels subsidy and 
implicit gasoline tax under RFS in Midwest. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
David Laird 
Email: laird@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: Plank leader. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Marc Linderman 
Email: marc-linderman@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: seasonal vegetation dynamics and remote sensing 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mary Losch 
Email: mary.losch@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
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Contribution to the Project: Energy Utilization Green Community Campaign: Liaise between external evaluator 
and project management. Oversee internal evaluation activities, Annual Meeting planning; Green Community 
Campaign Plank Co-Leader 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Douglas Mupasiri 
Email: mupaasiri@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Diversity: Diversity plank leader at UNI; part of LSAMP UNI team; 
organizer of STEM Conference for CC advisors and HS counselors. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mark Myers 
Email: mark.myers@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: Cedar Valley BAER site research - Wildlife use of perennial 
agroenergy crops, ecology and evolution 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ulrike Passe 
Email: upasse@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: Energy Utilization Building Science: Leads the state wide building science plank and 
coordinates interaction between the two main projects in the plank, also leads the intertock house community 
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laboratory efforts at Honey Creek Resort State Park, coordinates all aspects of the research and Bl parts of the 
project. 
Funding Support: NA 
International Collaboration: Yes, Germany, Turkey 
International Travel: No 
Tonya Peeples 
Email: tonya-peeples@uiowa.edu 
Most Senior Project Rola: Faculty 
Nearest Parson Month Worked: 1 
Contribution to the Project: Broader Impacts Diversity: UI Diversity Leader, provides direction of diversity and 
collaboration (Peeples) 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrey Petrov 
Email: andrey.petrov@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization Plank: spatial mapping 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sebastien Pouliot 
Email: pouliot@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Policy Briefings, Outreach & Faculty Support: Supervise graduate student 
research. Conduct research and prepare academic papers, outreach and presentation material 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
R. Ganesh Rajagopalan 
Email: rajagopa@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Parson Month Worked: 1 
Contribution to the Project: Wind Energy Blade Performance & Reliability: Plank Leader 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Albert Ratner 
Email: Albert-ratner@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Logistics & Conversion: biomass gasification research 
Funding Support: NA 
International Collaboration: Yes, Brazil 
International Travel: Yes, Brazil - 0 years, 1 months, 0 days 
David Rethwisch 
Email: david-rethwisch@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 6 
Contribution to the Project: Broader Impacts Workforce Development: PLTW Co-Affiliate Director: K-12 STEM 
Outreach and teacher Professional Development. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Alicia Rosburg 
Email: alicia.rosburg@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 5 
Contribution to the Project: Energy Policy: Research projects related to bioenergy. 
Funding Support: NA 
International Collaboration: Yes, Germany 
International Travel: No 
Ivan Rudik 
Email: irudik@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Policy: Seed grant on research on the health impacts of fossil-fired electricity 
Funding Support: NA 
International Collaboration: No 
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International Travel: No 
Nicholas Schwab 
Email: nicholas.schwab@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
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Contribution to the Project: Energy Utilization Green Energy Campaign: affecting community behavior; Junior 
Faculty. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Anupam Shanna 
Email: sharma@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization Plank: wind farm simulation (Takle) 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Hiroyuki Sugiyama 
Email: hiroyuki-sugiyama@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Drivetrain Design Optimization: drivetrain dynamics simulation 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Eugene Takle 
Email: gstakle@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 3 
Contribution to the Project: Wind Energy Resource Characterization: Plank leader 
Funding Support: NA 
International Collaboration: Yes, Denmark 
International Travel: No 
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Jean-Philippe Tessonier 
Email: tesso@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
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Contribution to the Project: Bioenergy logistics and conversion plank: Catalyst synthesis for pyrolysis, 
Supervisor and mentor 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrew Vanloocke 
Email: andyvanl@mail.iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization Plank: Field program design 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Zhiyou Wen 
Email: wenz@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: algal reactor systems research and project 
management 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrea Wheeler 
Email: andrea1@iastate.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: Faculty start-up researching school buildings. 
Funding Support: NA 
International Collaboration: Yes, United Kingdom 
International Travel: No 
Mark Mba Wright 
Email: markmw@iastate.edu 
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Most Senior Project Role: Faculty 
Nearest Person Month Worked: 12 
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Contribution to the Project: Bioenergy Logistics and Conversion Plank/Energy Policy: Research, teaching, and 
broader impacts outreach 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Shaoping Xiao 
Email: shaoping-xiao@uiowa.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 2 
Contribution to the Project: Wind Energy Drivetrain Design Optimization: research and graduate student 
mentoring 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jack Yates 
Email: jack.yates@uni.edu 
Most Senior Project Role: Faculty 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Utilization Green Community Campaign: formulation of design, writing script 
for phone survey, data analysis; Plank Co-Leader. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Santanu Bakshi 
Email: sbakshi@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Soil-nutrient-biochar research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Chumki Banik 
Email: cbanik@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
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Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Biochar impact on nitrogen mineralization. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Catherine Bonin 
Email: cbonin@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Parson Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: LAMPS assistant project director, Pl on EPSCoR seed grant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Elke Brandes 
Email: ebrandes@iastate.edu 
Most Senior Project Rola: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 5 
Contribution to the Project: BioEnergy Agriculture: modeling spatially explicit economic and ecosystem impacts 
of bioenergy deployment. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Qi Dang 
Email: qdang@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Rivka Fidel 
Email: rfidel@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Biochar-greenhouse gas emission research. 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Shan He 
Email: shanhe@iastate.edu 
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Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 11 
Contribution to the Project: Energy Utilization Building Science: Assists U. Passe with the research conducted 
the lnter1ock house community laboratory efforts at Honey Creek Resort State Park, coordinates the CFO, and air 
flow evaluation work, designed and coordinatee the work for the MiDAS and the Cyberinfrastructure data 
integration. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jieni Lian 
Email: lianjieni@gmail.com 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: performs research on sugar utilization. (Jarboe) 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Daniel Rajewski 
Email: drajewsk@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Resource Characterization: field data analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ashokkumar Sharma 
Email: ashok@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Conducts research at BioCentury Research 
Farm. 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
ZaigaoTao 
Email: ztan@iastate.edu 
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Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Performed membrane engineering work. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Lei Wu 
Email: lwu@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: research assistance. (Wen) 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Xiufeng Yang 
Email: xyang@iastate.edu 
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position) 
Nearest Parson Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Developing open-source computer codes to 
simulate biomass thermochemcal conversion 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mitchell Avery 
Email: mitchell.avery@uni.edu 
Most Senior Project Rola: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Evaluation: Provided technical assistance to EPSCoR participants, 
Annual Meeting evaluation: creation, implementation, reporting. 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Lynne Bleeker 
Email: lynnebleeker@mchsi.com 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
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Contribution to the Project: Broader Impacts Workforce Development: Facilitates Professional Development 
Teacher Training for RET Program ISU Summer Academy 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Nicholas Boersma 
Email: nboersma@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 10 
Contribution to the Project: BloEnergy Agriculture: Overall operations management, ISU BAER site, LAMPS 
project director. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Christina Carr 
Email: christina.carr@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: Insect pollination in prairie biofuel feedstocks; 
graduate/undergraduate student mentor 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrew Friend 
Email: afriend@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Automation Engineer, supports research and 
students at BioCentury Research Farm, specifies and manages shared instrumentation 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Jordan Funkhouser 
Email: jfunk@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
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Contribution to the Project: BioEnergy Logistics & Conversion: Pilot plant specialist, supports research and 
students at BioCentury Research Farm, manages shared instrumentation 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Preston Gable 
Email: pagable@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Engineer, conducts research and 
supports students in BRL, specifies shared instrumentation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Patrick Hall 
Email: phall@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Associate, conducts research and 
supports students in BRL laboratories, specifies and manages shared instrumentation. Re-design of BRT 592L: 
Biorenewables Laboratory. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Eric Hall 
Email: eric.hall@dsmschools.org 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Workforce Development: Facilitates Professional Development 
Teacher Training for RET Program. 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Erin Heiden 
Email: erin.heiden@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
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Contribution to the Project: Broader Impacts Evaluation: Provided technical assistance to EPSCoR participants, 
Annual Meeting evaluation: creation, implementation, reporting. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Victoria Henry 
Email: victoria-henry@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity and K-12 Outreach. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Dary Herzmann 
Email: akrz@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Parson Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization: Database management 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Pat Higby 
Email: paricia.higby@uni.edu 
Most Senior Project Rola: Other Professional 
Nearest Person Month Worked: 5 
Contribution to the Project: UNI EPSCoR Bl-WFD development leader at UNI 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Tolif Hunt 
Email: tolif.hunt@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: Management: UNI PD and Management team member. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Samantha Irvin 
Email: sirvin@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Resource Characterization: field technician. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Patrick Johnston 
Email: patrickj@iastate.edu 
Most Senior Project Role: other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Scientist, conducts research and 
supports students in BRL laboratories, specifies and manages shared instrumenation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Asrun Kristmundsdottir 
Email: ayk@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: COO of IA NSF EPSCoR 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jennifer La Gesse 
Email: j lagesse@iastate.edu 
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Contribution to the Project: Broader Impacts Workforce Development: K-12 Engineering Outreach Program 
Coordinator. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Show-Ling Lee 
Email: slingl@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Logistics & Conversion: managing daily lab operations. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Chelle Lehman 
Email: chelle-lehman@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 12 
Contribution to the Project: Broader Impacts Workforce Development: PLTW Diversity/Implementation coach for 
PLTW. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Adah Leshem 
Email: adah@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Develoment: Summer Institute leader - directs training for 
elementary and middle school teachers. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Srinivas Maddhi 
Email: srinivas-maddhi@uiowa.edu 
Most Senior Project Role: Other Professional 
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Nearest Person Month Worked: 4 
Contribution to the Project: Broader Impacts Cyberinfrastructure: Technical Support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Brenna Miller 
Email: brenna-faler@uiowa.edu 
Most Senior Project Role: other Professional 
Nearest Parson Month Worked: 1 
Contribution to the Project: Broader Impacts Cyberinfrastructure: Technical Support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Robert Mills 
Email: rmills@iastate.edu 
Most Senior Project Rola: Other Professional 
Nearest Person Month Worked: 4 
Contribution to the Project: Broader Impacts External Engagement: communications and outreach 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kandace Munson 
Email: kandace-munson@uiowa.edu 
Most Senior Project Role: other Professional 
Nearest Person Month Worked: 12 
Contribution to the Project: Broader Impacts Workforce Development: PLTW Program Assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Maria Perez Gonzales 
Email: maria.perez@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: Insect pollination in prairie biofuel feedstocks; 
graduate/undergraduate student mentor 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Marc Peterson 
Email: marc@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 6 
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Contribution to the Project: Management: Financial manager, admin and management team. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Tracy Peterson 
Email: tracy-peterson@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity and K-12 Outreach 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sai Kumar Ramadugu 
Email: saikumar-ramadugu@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Cyberinfrastructure: Course Coordination 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Samuel Rathke 
Email: sjrathke@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Agriculture: Coordinate lab, greenhouse field plot research 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Stacy Renfro 
Email: srenfro@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
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Contribution to the Project: Boader Impacts Workforce Development: Coordinates Summer Institute teacher 
education program. Coordinated training for elementary and middle school teachers. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Roberta Roberts 
Email: roberta.roberts@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Workforce Development: Summer camp registration support staff. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Benjamin Rogers 
Email: ben-rogers@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Cyberinfrastructure: Leads Broader Impacts Cyber Infrastructure 
work at UI, Taught Cyber Infrastructure Course. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Natalia Rogovoska 
Email: natashar@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: Biochar field plots 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Marjorie Rover 
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Email: mrrover@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Scientist, Manager of BRL laboratories 
that house shared instrumentation, specifies and manages shared instrumenation, Re-<jesign of BRT 592L: 
Biorenewables Laboratory. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Susan Salterberg 
Email: susan.salterberg@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Faculty Development: Y5 Seed Grant Recipient. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Katie Schnedler 
Email: katie-schnedler@uiowa.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Workforce Development: PLTW College Credit Coordinator. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Marcy Seavey 
Email: seavey@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Workforce Development: work with Sponsored Pgms staff to 
dispense broader impacts funds to faculty; coordinate summer camp program; manage summer camp program 
reporting/evaluation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Camille Sloan Schroeder 
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Email: camilles@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 3 
RPPR - Previaw Report 
Contribution to the Project: Broader Impacts Workforce Development: PLTW Co-Affiliate Director: K-12 STEM 
Outreach and teacher Professional Development. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Joseph Smith 
Email: joesmith@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 9 
Contribution to the Project: Wind Energy Resource Characterization: Tall tower data informatics web-developer 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ryan Smith 
Email: rgsmith@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: BEi Dep. Director of Thermochemical Research, 
Manages BEi research program and BRL labs with shared instrumentation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jonathan Voss 
Email: Jonathan.Voss@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization: GIS programmer. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ai Wen 
Email: ai.wen@uni.edu 
Most Senior Project Role: Other Professional 
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Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: Insect pollination in prairie biofuel feedstocks 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Lysle Whitmer 
Email: lwhitmer@iastate.edu 
Most Senior Project Role: other Professional 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Engineer, conducts research and 
supports students at BioCentury Research Farm, specifies and manages shared instrumenation 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Danielle Wilson 
Email: dwilson@iastate.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: data collection, analysis, management and publications 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Carole Yates 
Email: carole.yates@uni.edu 
Most Senior Project Role: Other Professional 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Utilization Green Community Campaign: Formulation of design, Writing script 
for phone survey, Data analysis 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sanaz Abdolmohammadi 
Email: sanaza@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, fast pyrolysis of biomass -
laboratory scale. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Karthik Abineni 
Email: abbineni@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Parson Month Worked: 4 
Contribution to the Project: Energy Utilization Building Science: data base development and data analysis, 
cyberinfrastructure development for the Interlock House community laboratory. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
James Akkala 
Email: james-akkala@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 4 
Contribution to the Project: Wind Energy Blade Performance and Reliability: Analysis and synthesis of 
experimental data. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Deborah Aller 
Email: dmaller@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Parson Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Soil-water-biochar reseearch. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Zeinab Amriri 
Email: amiri@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: school project research assistance. 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mitch Amundson 
Email: mitcha11@iastate.edu 
RPPR - Previaw Report 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research, mentoring K-12. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Natalia Apanovich 
Email: nataliya@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Aaron Baker 
Email: anbaker@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: Wind Energy Resource Characterization: SCADA data analysis 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Denis Bbosa 
Email: dbbosa@iastate.edu 
Most Senior Project Rola: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research and teaching. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Navinder Brar 
Email: bram@uni.edu 
RPPR - Previaw Report 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Workforce Development: Student on seed grant 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ruth Burke 
Email: rburke@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: investigating nutrient cycling in great switchgrass. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jordan Burkhart 
Email: burkhart@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Caleb Bums 
Email: cibums@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Workforce Development: Study design, data collection and analysis 
of student learning via industry engagement project. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Fabian Campbell 
Email: campbel8@iastate.edu 
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Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Conducting fluid experiments. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Tannon Daugaard 
Email: daugaard@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research, mentoring K-12. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kirsten Davis 
Email: kirstdav@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: green house gas emission measurements. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Chloe Dedic 
Email: cededic@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics and Conversion: Gas Phase spectroscopy. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Bernardo Del.Campo 
Email: bemidc@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, biochar, developed summer 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 82/168 
611/2016 
academy labs. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Russell Doorenbos 
Email: russelld@iastate.edu 
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Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: Wind Energy Resource Characterization: field work 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Matthew Fischels 
Email: fischels@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Parson Month Worked: 12 
Contribution to the Project: Wind Energy Blade Performance & Reliability: Improving wind farm simulation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Katherine Friesen 
Email: kfriesen@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 9 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Xi Gao 
Email: gaoxi@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: Bioenergy Logistics & Conversion: Performed computer simulations. 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Mir Ali Ghaffari 
Email: ali-ghaffari@uiowa.edu 
RPPR - Previaw Report 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Drivetrain Design & Optimization: research assistant 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Anna Ghinazzi 
Email: Anne-ghinazzi@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Diversity: Assisting with K-12 summer camps. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
ArpaGhosh 
Email: arpa@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, solvolysis of biomass - lab 
scale, CBE student recruitment team. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Martin Gross 
Email: magross@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Sankalp Gupta 
Email: sankalp9121991@gmail.com 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: school project research assistance, conference. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Joseph Hall 
Email: joseph-hall@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: Wind Energy Green Energy Grids: Developed demand response algorithms for the 
smart grid. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Martin Haverly 
Email: mhaverty@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, solvent liquefaction of 
biomass - pilot and laboratory scale. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Baosheng He 
Email: baosheng-he@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 4 
Contribution to the Project: Wind Energy Green Energy Grids: Algorithm development, data collection. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Thomas Hoff 
Email: thoff@iastate.edu 
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Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: Synthesis & Characterization, UG mentoring 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jennifer Honnell 
Email: jhormell@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Yuxing Hou 
Email: yuxing-hou@uiowa.ec:lu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Wind Energy Green Energy Grids: Algorithm development, data collection. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Zabid Iqbal 
Email: zabid@iastate.ec:lu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 7 
Contribution to the Project: Energy Policy: Compiled a data set on land use change that for the first time was 
able to provide empirical evidence about the extent to which indirect land use changes (iLUC) from high commodity 
prices resulted in expansion of agricultural land 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Narmina lusubova 
Email: iusubnaa@uni.ec:lu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
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Contribution to the Project: Wind Energy Resource Characterization: conducted lab data analysis, model 
development. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
David Jahn 
Email: djahn@iastate.edu 
Most Senior Project Rola: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Resource Characterization: CWEX modeling and publication. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Tao Jin 
Email: tjin@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: pyrolytic sugar utilization by E. coli. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kayla Johnson 
Email: kaylaj@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, techno-economic analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Alexander Knight 
Email: ajknight@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: data analysis and writing. 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Austin Krebill 
Email: austin-krebill@uiowa.edu 
RPPR - Previaw Report 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 8 
Contribution to the Project: Wind Energy Blade Perfomance & Reliability: Wind tunnel measurements and testing 
of model wind turbine. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Carter Kruckenberg 
Email: carterk@iastate.ec:lu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 9 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Michael Lawrinenko 
Email: lawrtnen@iastate.ec:lu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Biochar chemistry research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Wenqin Li 
Email: wenqin@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Huaxia Li 
Email: huaxia-li@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 4 
Contribution to the Project: Wind Energy Drivetrain Design Optimization: Drivetrain dynamics simulation 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ziyuan Li 
Email: lizab@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: Collecting/analyzing data. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kenneth Liao 
Email: kliao@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 7 
Contribution to the Project: Energy Policy Briefings, Outreach & Faculty Support: Conduct survey of flex fuel 
motorists in Iowa, Colorado, Oklahoma, Arkansas and California. Conduct research and write academic papers. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jake Lindstrom 
Email: lindstro@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, fast pyrolysis of biomass -
laboratory scale 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Guo Long 
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Email: long-guo@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: Hyperspectral modeling. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kathryn Lundgren 
Email: lundgren@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
DeAnna Marguglio 
Email: adm_deannam@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 9 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Arif Masur 
Email: masrur.du@gmail.com 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization: Wind data analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Alade McKen 
Email: mcken@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 9 
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Contribution to the Project: Broader Impacts Diversity: Seed Grant data collection, analysis, writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Avinaash Murali 
Email: mavinaash@gmail.com 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Blade Performance & Reliability: Aerodynamic Interference. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Aniket Nagdive 
Email: aniet@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: Energy Utilization Building Science: School project research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Dylan Nielsen 
Email: nielsdaa@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: Wind Energy Resource Characterization: Wind data analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mary Nyaema 
Email: mary-nyeama@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: Broader Impact External Engagement: Diversity and K-12 Outreach 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
GeorgeOoi 
Email: ooi@iastate.edu 
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Most Senior Project Role: Graduate Student (rasearch assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Development: Enhancing lubricity using nanomater1als. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Longwen Ou 
Email: olw0905@iastate.edu 
Most Senior Project Role: Graduate Student (rasearch assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BloEnergy Logistics & Conversion: Research Assistant, techno-economic analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Yaoyu Pan 
Email: ypan@iastate.edu 
Most Senior Project Role: Graduate Student (rasearch assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Developing open-source computer codes to 
simulate biomass thennochemcal conversion 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sara Parks 
Email: sbp@iastate.edu 
Most Senior Project Role: Graduate Student (rasearch assistant) 
Nearest Person Month Worked: 8 
Contribution to the Project: BioEnergy Logistics & Conversion: Developing open-source computer codes to 
simulate biomass thennochemcal conversion 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Benjamin Peiffer 
Email: benjamin-peiffer@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Wind Energy Blade Performance & Reliability: experiments and data analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Joseph Polin 
Email: jpolin@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, fast pyrolysis of biomass -
pilot scale. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Juan Proano-Aviles 
Email: jsproano@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, fast pyrolysis of biomass -
pilot scale. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Fenglei Qi 
Email: fqi@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: research assistance. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Amritha Rajan 
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Email: amritha@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: School project research; conference. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrew Ridgway 
Email: ridgwaya@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: Field research assistant; collecting native bee samples, 
writing Honor's thesis using data from project 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Matt Roby 
Email: mroby@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 12 
Contribution to the Project: Wind Energy Resource Characterization: data collection and analysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Manuel Salinas 
Email: salinasm@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: Energy Utilization Green Energy Grids: Assisted with data analysis; MS Student 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Patrick Sanderson 
Email: psanders@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Logistics & Conversion: Pyrolysis cell development. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Eric Scheidecker 
Email: scheidee@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Workforce Development: summer camp support staff. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Joshua Schroetter 
Email: jschroe@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Caitlyn Schulz 
Email: caschulz@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Parson Month Worked: 5 
Contribution to the Project: Broader Impacts Diversity: Seed grant data analysis and writing. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Tejasvi Sharma 
Email: Tejasvi-Sharma@uiowa.edu 
Most Senior Project Rola: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Logistics & Conversion: research on biomass gasification 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Ninggang Shen 
Email: ninggang-shen@uiowa.edu 
RPPR - Previaw Report 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 9 
Contribution to the Project: Wind Energy Drivetrain Design Optimization: laser assisted peening 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
YunyeShi 
Email: yunye-shi@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: research on biomass gasification 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Bo Sun 
Email: bo-sun-1@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 4 
Contribution to the Project: Wind Energy Green Grids: Algorithm development, data collection. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Amir Tayyebi 
Email: amirhossein-tayyebi@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: Hyperspectral processing 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Mauricio Tejera 
Email: mtejera@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 5 
Contribution to the Project: BioEnergy Agriculture: Ecophysiological data collection at LAMPS 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Rajeeva Thilakaratne 
Email: rajeeva@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Research Assistant, fast pyrolysis of biomass -
laboratory scale. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Olivia Thompson 
Email: oklt93@gmail.com 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 3 
Contribution to the Project: Energy Utilization Green Energy Grids: Assisted with data analysis; MS Student 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jordan Tiarks 
Email: tiarksj2@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Spectroscopy for pyrolysis. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kyle Vancise 
Email: vansicek@gmail.com 
Most Senior Project Role: Graduate Student (research assistant) 
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Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: Research Assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Derek White 
Email: derekw@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Develoment: Enhancing lubricity using nanomaterials 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Therin Young 
Email: theriny@iastate.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 8 
Contribution to the Project: Broader Impacts Workforce Development: Preparation support for Bl course. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jordan Young 
Email: youngjar@uni.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Agriculture: biology research - measuring soil respiration 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Guiyan Zang 
Email: guiyan-zang@uiowa.edu 
Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Researching Biomass Gasification 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 981168 
611/2016 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Xuefei Zhao 
Email: xuefeiz@iastate.edu 
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Most Senior Project Role: Graduate Student (research assistant) 
Nearest Person Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: Research assistance. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Baily Abbott 
Email: babbott@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Development: Project assistant 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ryan Anderson 
Email: randersen8@gmail.com 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Workforce Development: Project assistant 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jocelyn Arends 
Email: jmarends@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Parson Month Worked: 3 
Contribution to the Project: Broader Impacts External Engagement: Communications summer intern 2016. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Jacob Atherton 
Email: atherton@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Brett Austin 
Email: brett-austin@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jacob Benner 
Email: j pbenner@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science conducted the desiccant systems testing lab 
work and the MiDAS installation and tests. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Nicole Bishop 
Email: bishopn@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: undergraduate researcher 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Jonathan Bockhaus 
Email: bockhaus@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kaleb Bozorgzadeh 
Email: kaleb-bozorgzadeh@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Cyberinfrastructure: Bl Cl Technical Support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Zane Brewer 
Email: zane-brewer@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Wind Energy Drivetrain Design & Optimization: Summer EPSCor Intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Thomas Burtnett 
Email: tjburt@iastate.edu 
Most Senior Project Rola: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: X-ray imaging 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Valeria Cano Camacho 
Email: vcano@iastate.edu 
Most Senior Project Role: Undergraduate Student 
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Nearest Person Month Worked: 4 
Contribution to the Project: BioEnergy Agriculture: Llongtenn Assessment of Miscanthus Productivity and 
Sustainability (LAMPS) support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Nicholas Chierici 
Email: chierici@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Development: EPSCoR supported CenUSA Bioenergy 
REU. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Cody Christianson 
Email: codyc@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Mariama Comeh 
Email: mariama-comeh@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: Outreach agent 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jon Cowan 
Email: j pcowan@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Agriculture: assistance with research projects 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Alex Degatano 
Email: alexd@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: Llongtenn Assessment of Miscanthus Productivity and 
Sustainability (LAMPS) supper. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrea Diaz 
Email: andrea-diaz@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Roman Doyle 
Email: roman-doyle@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Alyssa Esquivel 
Email: alyssa-esquivel@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
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Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kelsey Fleenor 
Email: ktleenor@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: Energy Utilization Building Science: Human subjects research and public outreach 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Logan Fritz 
Email: lkfritz@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
David Gardner 
Email: dwg@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Synthesis & Characterization. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Allison Gregorovic 
Email: agreg@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Development: Research support (biolubricants work) 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Michael Gross 
Email: mbgross@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
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Contribution to the Project: BioEnergy Logistics & Conversion: Research assistance. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrew Gumpert 
Email: agump@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Nathan Hamlett 
Email: nhamlett@iastate.etu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jesus Hernandez 
Email: jesush@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: EPSCoR Summer Intern, controls and DAS 
programming. 
Funding Support: NA 
International Collaboration: No 
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International Travel: No 
Christopher Higgins 
Email: christopher-higgins@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
RPPR - Previaw Report 
Contribution to the Project: Broader Impacts External Engagement: Communication summer intern 2016 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kathryn Hinshaw 
Email: khinshaw@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
Contribution to the Project: Administrative Team: Database and reporting assistance 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jocelyn Jackson 
Email: jocelynj@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
Contribution to the Project: Broader Impacts Workforce Development: Preparation support for Bl course and 
research support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Evan Jeanblanc 
Email: evanj 1@iastate. eclu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
Contribution to the Project: Energy Utilization Building Science: Occupancy research and data acquisition. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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C Ii nt Jochems 
Email: cjochems@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sam Johnson 
Email: samuelj@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Paul Johnson 
Email: paul-d-johnson@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Bioenergy Agriculture: Data analysis 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Samantha Jones 
Email: skj@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Agriculture: assistance with research projects 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Paavan Joshi 
Email: pjoshi@iastate.edu 
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Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
RPPR - Previaw Report 
Contribution to the Project: Energy Utilization Building Science: Literature review -Blog 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Benjamin Karkow 
Email: Benjamin-karkow@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Researching Biomass Gasification 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Daniel Keefe 
Email: daniel-keefe@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jordan Koos 
Email: koosj@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 8 
Contribution to the Project: BioEnergy Agriculture: Plant Nitrogen use in Bioenergy feedstocks. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Rachel Korntved 
Email: komtved@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
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Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: na 
International Collaboration: No 
International Travel: No 
Elizabeth Lash 
Email: lashe@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Parson Month Worked: 3 
Contribution to the Project: BioEnergy Agriculture: undergraduate researcher 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jazmin Lopez 
Email: jazmin-lopez@uiowa.edu 
Most Senior Project Rola: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Shridharshna Mailachalam 
Email: sm2@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Dan Malloy 
Email: dsmalloy@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
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research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Laura Michaelsen 
Email: lmike@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
RPPR - Previaw Report 
Contribution to the Project: Energy Utilization Building Science: conducted the desiccant systems testing lab 
work and the MiDAS installation and tests 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Barbara Morse 
Email: blmorse@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Daniel Morse 
Email: dsjmorse@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Samantha Moser 
Email: samantha-l-moser@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Parson Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: Summer EPSCoR Intern 
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Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ben Most 
Email: bmmost@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Charles Mowery 
Email: char1es-mowery@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Parson Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: Data processing 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Esdras Murillo 
Email: emurillo@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
Contribution to the Project: Energy Utilization Building Science: URA, conducted the desiccant systems testing 
lab work and the Mi DAS installation and tests and energy baseline evaluation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kelley Okoren 
Email: kvokoren@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Anthony Oskielunas 
Email: anthony-oskielunas@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
RPPR - Previaw Report 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sara Parcher 
Email: sparcher015@gmail.com 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Marisa Perreault 
Email: marisa@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Andrew Peterson 
Email: acp@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 12 
Contribution to the Project: BioEnergy Logistics & Conversion: Research assistant. 
Funding Support: NA 
International Collaboration: No 
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International Travel: No 
Elspeth Peterson 
Email: elspethp@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Logistics & Conversion: Cell encapsulation. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Glyn Powell 
Email: glyn.ms.powell@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
Contribution to the Project: BioEnergy Agriculture: Longtemi Assessment of Miscanthus Productivity and 
Sustainability (LAMPS) support. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Richard Pryor 
Email: richarc:l-pryor@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kayla Racinowski 
Email: Kayla-racinowski@uiowa.edu 
Most Senior Project Rola: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Logistics & Conversion: Researching Biomass Gasification. Summer 
EPSCoR Intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Jacquelyn Ricke 
Email: jacquelyn-ricke@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
RPPR - Previaw Report 
Contribution to the Project: Broader Impacts Diversity: Outreach agent 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Landon Schreck 
Email: landon-schreck@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Sean Seelau 
Email: sean-seelau@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Amanda Senn 
Email: amanda-senn@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: Outreach agent 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Ryan Simons 
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Email: ryan-simons@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
RPPR - Previaw Report 
Contribution to the Project: Wind Energy: Summer EPSCoR Intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Samantha Speltz 
Email: speltzs@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: Broader Impacts Workforce Develoment: summer camp support staff 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Shea Stobaugh 
Email: shea-stobaugh@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: Data processing 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Kelsie Stopak 
Email: kmstopak@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: graphic displays, energy performance baseline 
metrics, interface design. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Qingyang Su 
Email: qingyang-su@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
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Contribution to the Project: Broader Impacts Diversity: Outreach agent 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Yee Tan 
Email: yshiean@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: cellobiosan utilization. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Michelle Thayer 
Email: mtenergy15@gmail.com 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: BioEnergy Agriculture: Summer EPSCoR Intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Amanda Thomas 
Email: thomasa@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Parson Month Worked: 6 
Contribution to the Project: BioEnergy Logistics & Conversion: Research assistant. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Christian Torres 
Email: christian-torres@uiowa.edu 
Most Senior Project Rola: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
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International Collaboration: No 
International Travel: No 
Kyle U hlenhake 
Email: keu@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 4 
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Contribution to the Project: Energy Utilization Building Science: Particle flows. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Brandon Uribe 
Email: brandon-uribe@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 3 
Contribution to the Project: Broader Impacts Diversity: OASIS (Outreach, Admissions, Scholarships & Inclusion 
Services) summer 2016 EPSCoR intern 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Angela Wagner 
Email: angelaw@iastate. ectu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Energy Utilization Building Science: Particle mixing 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Audrey Wallace 
Email: aewall92@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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Yunlong Wang 
Email: yunlong-wang@uiowa.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
RPPR - Previaw Report 
Contribution to the Project: BioEnergy Agriculture: Data processing 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Lucas Wigans 
Email: lrwigans@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Tiffany Winkowitsch 
Email: winkowit@uni.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 2 
Contribution to the Project: Broader Impacts Workforce Development: Project assistant 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
Jenny Zhou 
Email: jzhou@iastate.edu 
Most Senior Project Role: Undergraduate Student 
Nearest Person Month Worked: 1 
Contribution to the Project: BioEnergy Logistics & Conversion: Supports post doc, staff and graduate student 
research. 
Funding Support: NA 
International Collaboration: No 
International Travel: No 
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What other organizations have been involved as partners? 
Name Type of Partner Location 
Organization 
Advanced Renewable Technologies Industrial or Commercial Prairie City, IA 
Inc. Firms 
Ames Laboratory Other Organizations Ames, IA 
(foreign or domestic) 
Cedar Falls Utilities Industrial or Commercial Cedar Falls, IA 
Firms 
University of Florida Academic Institution Gainesville, FL 
University of Ghent Academic Institution Ghent, Belgium 
University of Hamburg Academic Institution Hamburg, Germany 
University of Helsinki Academic Institution Helsinki, Finland 
University of Illinois - Urbana- Academic Institution Champaign, IL 
Champaign 
University of Iowa Academic Institution Iowa City, IA 
University of Kent School of Academic Institution Kent, United Kingdom 
Architecture 
University of Northern Iowa Academic Institution Cedar Falls, IA 
University of Oklahoma Academic Institution Norman, OK 
University of Oldenburg Academic Institution Oldenburg, Germany 
CenUSA Bioenergy (USDA NIFA Other Nonprofits Ames, IA 
Bioenergy Program) 
University of Tennessee Academic Institution Knoxville, TN 
University of Texas Ausin Academic Institution Austin, Texas 
University of Washington Academic Institution Seattle, WA 
University of Wisconsin Academic Institution Madison, WI 
University of Wisconsin - Platteville Academic Institution Platteville, WI 
Vaisala Instruments Inc Industrial or Commercial Boulder. CO 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 11~168 
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Virginia Polytech Institute and State 
University 
Western IA Tech Community College 
Windlogics, Inc 
Worcester Polytechnic Institute 
Center for Biorenewable Chemicals 
(NSF ERC Center) 
Wuhan University 
Central College 
Chevron Technology Ventures 
Chinese Academy of Science 
City College New York 
City of Ames 
Coastal Carolina University 
Coe College 
Aquadar 
Columbus Community High School 
Cornell University 
Des Moines Area Community College 
Dordt College 
East Iowa Plastics Co 
r::--'-- IA I"---··-: ... ,,, l"'-11---
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Finns 
Academic Institution Blacksburg, VA 
Academic Institution Sioux City, IA 
Industrial or Commercial St. Paul, MN 
Finns 
Academic Institution 
other Nonprofits 
Academic Institution 
Academic Institution 
Industrial or Commercial 
Finns 
Academic Institution 
Academic Institution 
State or Local 
Government 
Worcester, MA 
Ames, IA 
Wuhan, China 
Pella, IA 
Houston, TX 
Shanghai, China 
New York, NY 
Ames, IA 
Academic Institution Conway, SC 
Academic Institution Cedar Rapids, IA 
Industrial or Commercial Water1oo, IA 
Finns 
School or School Columbus Junction, IA 
Systems 
Academic Institution Ithaca, NY 
Academic Institution Ankeny, IA 
Academic Institution Sioux Center, IA 
Industrial or Commercial Independence, IA 
Finns 
A --....i--:- 1-""-': .... -':-- n-.. ·----.. IA 
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Easy Energy Systems Industrial or Commercial Welcome, MN 
Firms 
EcoEngineers Industrial or Commercial Des Moines, IA 
Firms 
ExxonMobil Research and Engineering Industrial or Commercial Annandale, NJ 
Firms 
Finnish Meteorological Institute State or Local Helsinki, Finland 
Government 
Argonne National Laboratory Other Organizations Lemont, IL 
(foreign or domestic) 
GMR&D Industrial or Commercial Warren, Ml 
Firms 
Green Hills Area Education Agency Other Nonprofits Council Bluffs, IA 
Harran University Academic Institution Sanliurfa, Turkey 
Hawkeye Community College Academic Institution Waterloo, IA 
Honey Creek Resort Interpretive staff Other Nonprofits Moravia, IA 
IA Central Community College Academic Institution Fort Dodge, IA 
IA Department of Education State or Local Des Moines, IA 
Government 
IA Lakes Community College Academic Institution Spencer, IA, and Estherville, IA 
IA Valley Community College Academic Institution Marshalltown, IA 
IA Western Community College Academic Institution Council Bluffs, IA 
Arizona State University Academic Institution Tempe, AZ 
Indian Hills Community College Academic Institution Ottumwa, IA 
Indiana University, Academic Institution Bloomington, IN 
Indigo Dawn Industrial or Commercial Des Moines, IA 
Firms 
lnterra Energy Industrial or Commercial Golden, CO 
r::--
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Iowa Department of Natural 
Resources (DNR) 
Iowa State University 
Iowa State University Extension & 
Outreach 
John Deere 
Kirkwood Community College 
LSAMP llNspire 
Auburn University 
Lawrence Livermore National 
Laboratory 
Live to Zero LLC 
RPPR - Previaw Report 
r111m:1 
State or Local Des Moines, IA 
Government 
Academic Institution Ames, IA 
Other Nonprofits Ames, IA 
Industrial or Commercial Water1oo, IA 
Firms 
Academic Institution Cedar Rapids, IA, and Iowa City, IA 
Other Nonprofits Ames, IA 
Academic Institution Au bum, AL 
Other Organizations Livermore, CA 
(foreign or domestic) 
Industrial or Commercial Boulder, CO 
Firms 
Massachusetts Institute of Technology Academic Institution Cambridge, MA 
Mead Westvaco Industrial or Commercial 
Firms 
Charteston, SC 
NExtEra Energy Resources Industrial or Commercial St. Paul, MN 
NGC Transmission Equipment 
NLAE National Laboratory for 
Agriculture and the Environment 
NOAA National Severe Storm 
Laboratory 
NOAA, Boulder Labs 
NREL National Renewable Energy 
Laboratory 
Beuth University Bertin 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 
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Industrial or Commercial 
Firms 
Other Organizations 
(foreign or domestic) 
Other Organizations 
(foreign or domestic) 
Other Organizations 
(foreign or domestic) 
Other Organizations 
(foreign or domestic) 
Academic Institution 
Dallas, TX 
Ames, IA 
Norman, OK 
Boulder, CO 
Golden, CO, and Boulder, CO 
Bertin, Germany 
1221168 
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National Center for Atmospheric Other Organizations Boulder, CO, and Golden, CO 
Research (foreign or domestic) 
Neumann Monson Architects Industrial or Commercial Des Moines, IA 
Finns 
Next Era Energy Industrial or Commercial Palo, IA 
Finns 
NextEra Industrial or Commercial Juno Beach, FL 
Finns 
North Carolina State University Academic Institution Raleigh, NC 
North IA Area Community College Academic Institution Mason City, IA 
Northeast IA Community College Academic Institution Calmar, IA 
Northwest IA Community College Academic Institution Sheldon, IA 
Northwestern University Academic Institution Chicago, IL 
Norwegian University of Science and Academic Institution Trondheim, Norway 
Technology 
Boys and Girts Club of Cedar Rapids Other Nonprofits Cedar Rapids, IA 
Pacific Northwest National Laboratory Other Organizations Richland, WA 
(foreign or domestic) 
Peking Union Medical College General Academic Institution Bejing, China 
Hospital 
Pella Corporation Industrial or Commercial Pella, IA 
Finns 
Penn State University Academic Institution State College, PA 
Phillips 66 Industrial or Commercial Tulsa, OK, and Bartlesville, OK 
Finns 
Prairie Lakes Area Education Agency Other Nonprofits Jefferson, IA 
Project Lead the Way Other Nonprofits Indianapolis, IN 
Purdue University Academic Institution West Lafayette, IN 
RAMDO Solutions Industrial or Commercial Iowa City, IA 
Finns 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 1231168 
611/2016 
Racional Energy and Environment Co. 
CSI RO Ecosystem Sciences 
Raytheon BBN Technologies 
Renmatix 
Rice University 
Sabre Industries 
Society of Women Enginers 
South Dakota State University 
Southeast IA Community College 
Southwestern IA Community College 
Stine Seed Corp 
Tallgrass Prairie Center 
Campbell Scientific 
Thermal Visions, Inc., 
USDA-ARS Midwest Area 
USDA-ARS Pacific West Area 
USDA-ARS Southeast Area 
Universidade Federal de ltajuba-
UNIFEI 
Universitv of Akron 
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Industrial or Commercial 
Firms 
Academic Institution 
Industrial or Commercial 
Firms 
Industrial or Commercial 
Firms 
Academic Institution 
Industrial or Commercial 
Firms 
Other Nonprofits 
Academic Institution 
Academic Institution 
Academic Institution 
Industrial or Commercial 
Firms 
Other Nonprofits 
Industrial or Commercial 
Firms 
Industrial or Commercial 
Firms 
Other Organizations 
(foreign or domestic) 
Other Organizations 
(foreign or domestic) 
Other Organizations 
(foreign or domestic) 
Academic Institution 
Academic Institution 
Conroe, TX 
Mareeba, Australia 
Cambridge, MA 
King of Prussia, PA 
Houston, TX 
Sioux City, IA 
Cedar Falls, IA 
Brookings, SD 
West Burlington, IA 
Creston, IA 
Adel, IA 
Cedar Falls, IA 
Provo, UT 
Granville, OH 
Ames, IA, St Paul, MN, Bowling Graen, KY, 
Peoria, IL, and Morris, MN 
Prosser, WA, and Kimberly, ID 
Florence, SC 
ltajuba, Minas Gries, Brazil 
Akron_ OH 
1241168 
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University of Alabama Academic Institution Tuscaloosa, AL 
University of California Santa Barbara Academic Institution Santa Barbara, CA 
University of California Santa Barbara Academic Institution Santa Barbara, CA 
University of Colorado Academic Institution Boulder, CO 
Full details of organizations that have been involved as partners: 
Advanced Renewable Technologies Inc. 
Organization Type: Industrial or Commercial Firms 
Organization Location: Prairie City, IA 
Partner's Contribution to tile Project: 
Financial support 
Collaborative Research 
More Detail on Partner and Contribution: 
Amas Laboratory 
Organization Type: other Organizations (foreign or domestic) 
Organization Location: Ames, IA 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Aquadar 
Organization Type: Industrial or Commercial Firms 
Organization Location: Water1oo, IA 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Argonne National Laboratory 
Organization Type: other Organizations (foreign or domestic) 
Organization Location: Lemont, IL 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
https:l/reportirg.research.gov/rppr-web/rppr?execulion=e1s3 
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Arizona State University 
Organization Type: Academic Institution 
Organization Location: Tempe, AZ 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Auburn University 
Organization Type: Academic Institution 
Organization Location: Auburn, AL 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Beuth University Berlin 
Organization Type: Academic Institution 
Organization Location: Ber1in, Germany 
Partner's Contribution to the Project: 
RPPR - Previaw Report 
Other: Teaching partnership for summer study abroad workshop 2013 and 2014 
More Detail on Partner and Contribution: 
Boys and Girls Club of Cedar Rapids 
Organization Type: Other Nonprofits 
Organization Location: Cedar Rapids, IA 
Partner's Contribution to the Project: 
In-Kind Support 
More Detail on Partner and Contribution: 
CSIRO Ecosystem Sciences 
Organization Type: Academic Institution 
Organization Location: Mareeba, Australia 
Partner's Contribution to the Project: 
Other: Co-author 
More Detail on Partner and Contribution: 
Campbell Scientific 
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Organization Type: Industrial or Commercial Firms 
Organization Location: Provo, UT 
Partner's Contribution to tf'le Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Cedar Falls Utilities 
Organization Type: Industrial or Commercial Firms 
Organization Location: Cedar Falls, IA 
Partner's Contribution to tf'le Project: 
Facilities 
More Detail on Partner and Contribution: 
RPPR - Previaw Report 
CenUSA Bioenergy (USDA NIFA Bioenergy Program) 
Organization Type: Other Nonprofits 
Organization Location: Ames, IA 
Partner's Contribution to tf'le Project: 
Collaborative Research 
Personnel Exchanges 
Other: Collalboration to develop C6 youth materials 
More Detail on Partner and Contribution: 
Center for Biorenewable Chemicals (NSF ERC Center) 
Organization Type: Other Nonprofits 
Organization Location: Ames, IA 
Partner's Contribution to tf'le Project: 
Collaborative Research 
Other: Collaborate on education and outreach 
More Detail on Partner and Contribution: 
Central College 
Organization Type: Academic Institution 
Organization Location: Pella, IA 
Partner's Contribution to tf'le Project: 
Other: Summer research at IA State, contribute equipment for ecosystem studies 
More Detail on Partner and Contribution: 
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Chevron Technology Ventures 
Organization Type: Industrial or Commercial Firms 
Organization Location: Houston, TX 
Partner"s Contribution to the Project: 
Financial support 
In-Kind Support 
Collaborative Research 
More Detail on Partner and Contribution: 
Chinese Academy of Science 
Organization Type: Academic Institution 
Organization Location: Shanghai, China 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
City College New York 
Organization Type: Academic Institution 
Organization Location: New York, NY 
Partner"s Contribution to the Project: 
RPPR - Previaw Report 
Other: Teaching partnership for summer study abroad workshop 2015 and 2016 
More Detail on Partner and Contribution: 
City of Ames 
Organization Type: State or Local Government 
Organization Location: Ames, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Coastal Carolina University 
Organization Type: Academic Institution 
Organization Location: Conway, SC 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
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Coe College 
Organization Type: Academic Institution 
Organization Location: Cedar Rapids, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Columbus Community High School 
Organization Type: School or School Systems 
Organization Location: Columbus Junction, IA 
Partner"s Contribution to the Project: 
RPPR - Previaw Report 
Other: Todd is our main contact at CCHS. He guides us through the buildings, offers expertise on all existing 
systems (heating/cooling, IT, etc) in the school. He is our local expert and will be responsible for any project related 
maintenance in the future. 
More Detail on Partner and Contribution: 
Cornell University 
Organization Type: Academic Institution 
Organization Location: Ithaca.NY 
Partner"s Contribution to the Project: 
Other: Collaborative proposal submission 
More Detail on Partner and Contribution: 
Des Moines Area Community College 
Organization Type: Academic Institution 
Organization Location: Ankeny, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Dordt College 
Organization Type: Academic Institution 
Organization Location: Sioux Center, IA 
Partner"s Contribution to the Project: 
Other: Provided equipment for gasifier system 
More Detail on Partner and Contribution: 
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East Iowa Plastics Co 
Organization Type: Industrial or Commercial Firms 
Organization Location: Independence, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Eastern IA Community College 
Organization Type: Academic Institution 
Organization Location: Davenpor, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Easy Energy Systems 
Organization Type: Industrial or Commercial Firms 
Organization Location: Welcome, MN 
Partner"s Contribution to the Project: 
In-Kind Support 
Collaborative Research 
More Detail on Partner and Contribution: 
EcoEngineers 
Organization Type: Industrial or Commercial Firms 
Organization Location: Des Moines, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
ExxonMobil Research and Engineering 
Organization Type: Industrial or Commercial Firms 
Organization Location: Annandale, NJ 
Partner"s Contribution to the Project: 
Financial support 
Collaborative Research 
More Detail on Partner and Contribution: 
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Finnish Meteorological Institute 
Organization Type: State or Local Government 
Organization Location: Helsinki, Finland 
Partner"s Contribution to ttle Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
GMR&D 
Organization Type: Industrial or Commercial Firms 
Organization Location: Warren, Ml 
Partner"s Contribution to ttle Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Green Hills Area Education Agency 
Organization Type: Other Nonprofits 
Organization Location: Council Bluffs, IA 
Partner"s Contribution to ttle Project: 
In-Kind Support 
Other: K-12 summer camp assistance 
More Detail on Partner and Contribution: 
Harran University 
Organization Type: Academic Institution 
Organization Location: Sanliurfa, Turkey 
Partner"s Contribution to ttle Project: 
In-Kind Support 
Facilities 
Collaborative Research 
More Detail on Partner and Contribution: 
Hawkeye Community College 
Organization Type: Academic Institution 
Organization Location: Watertoo, IA 
Partner"s Contribution to ttle Project: 
In-Kind Support 
Facilities 
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Personnel Exchanges 
Other: Collaboration on proposals 
More Detail on Partner and Contribution: 
Honey Creek Resort Interpretive staff 
Organization Type: Other Nonprofits 
Organization Location: Moravia, IA 
Partner's Contribution to the Project: 
Facilities 
RPPR - Previaw Report 
Other: Occupant of house, collaborator in the visitor survey of the house 
More Detail on Partner and Contribution: 
IA Central Community College 
Organization Type: Academic Institution 
Organization Location: Fort Dodge, IA 
Partner's Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
IA Department of Education 
Organization Type: State or Local Government 
Organization Location: Des Moines, IA 
Partner's Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
IA Lakes Community College 
Organization Type: Academic Institution 
Organization Location: Spencer, IA, and Estherville, IA 
Partner's Contribution to the Project: 
In-Kind Support 
Personnel Exchanges 
More Detail on Partner and Contribution: 
IA Valley Community College 
Organization Type: Academic Institution 
Organization Location: Marshalltown, IA 
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Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
IA Western Community Collage 
Organization Type: Academic Institution 
Organization Location: Council Bluffs, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Indian Hills Community College 
Organization Type: Academic Institution 
Organization Location: Ottumwa, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Indiana U nivarsity, 
Organization Type: Academic Institution 
Organization Location: Bloomington, IN 
Partner"s Contribution to the Project: 
Financial support 
In-Kind Support 
Collaborative Research 
More Detail on Partner and Contribution: 
Indigo Dawn 
Organization Type: lndustr1al or Commercial Finns 
Organization Location: Des Moines, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
lnterra Energy 
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Organization Type: Industrial or Commercial Firms 
Organization Location: Golden, CO 
Partner's Contribution to tf'le Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Iowa Department of Natural Resources (DNR) 
Organization Type: State or Local Government 
Organization Location: Des Moines, IA 
Partner's Contribution to tf'le Project: 
Facilities 
RPPR - Previaw Report 
Other: Represents the owner of the Interlock House and is in charge of all financial decisions related to the house 
as infrastructure; Iowa DNR Architect in charge of alterations to the Interlock House mechanical room and HVAC 
systems 
More Detail on Partner and Contribution: 
Iowa State University 
Organization Type: Academic Institution 
Organization Location: Ames, IA 
Partner's Contribution to tf'le Project: 
In-Kind Support 
Facilities 
Collaborative Research 
Personnel Exchanges 
Other: Exploring multiphase flow research opportunities in the energy area, Pl on proposal submitted to NSF-NRT 
on plant phenomics 
More Detail on Partner and Contribution: Research collaborations, equipment sharing, proposal collaborations, 
Iowa State University Extension & Outreach 
Organization Type: Other Nonprofits 
Organization Location: Ames, IA 
Partner's Contribution to tf'le Project: 
In-Kind Support 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
John Deere 
Organization Type: Industrial or Commercial Firms 
Organization Location: Waterloo, IA 
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Partner"s Contribution to the Project: 
Financial support 
Personnel Exchanges 
RPPR - Previaw Report 
Other: Engineer at John Deere, member of Society of Women Engineers Cedar Valley Chapter; collaborated with 
Ms. Stewart and her SWE group to hold the Expanding your Horizons workshop for middle school gir1s on the UNI 
campus 
More Detail on Partner and Contribution: 
Kirkwood Community College 
Organization Type: Academic Institution 
Organization Location: Cedar Rapids, IA, and Iowa City, IA 
Partner"s Contribution to the Project: 
In-Kind Support 
Facilities 
Collaborative Research 
Personnel Exchanges 
Other: Various high school STEM activities and the Imagine Energy Traveler 
More Detail on Partner and Contribution: 
LSAMP llNspire 
Organization Type: Other Nonprofits 
Organization Location: Ames, IA 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Lawrence Livermore National Laboratory 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Livermore, CA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Live to Zero LLC 
Organization Type: Industrial or Commercial Firms 
Organization Location: Boulder, CO 
Partner"s Contribution to the Project: 
Other: Consultant on project 
More Detail on Partner and Contribution: 
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Massachusetts Institute of Technology 
Organization Type: Academic Institution 
Organization Location: Cambridge, MA 
Partner"& Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Mead Westvaco 
Organization Type: Industrial or Commercial Finns 
Organization Location: Charteston, SC 
Partner"s Contribution to the Project: 
Financial support 
Collaborative Research 
More Detail on Partner and Contribution: 
NExtEra Energy Resources 
Organization Type: Industrial or Commercial Finns 
Organization Location: St. Paul, MN 
Partner"& Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
NGC Transmission Equipment 
Organization Type: Industrial or Commercial Finns 
Organization Location: Dallas, TX 
Partner"s Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
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NLAE National Laboratory for Agriculture and the Environment 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Ames, IA 
Partner"& Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
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NOAA National Severe Stonn Laboratory 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Norman, OK 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
NOAA, Boulder Labs 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Boulder, CO 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
NREL National Renewable Energy Laboratory 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Golden, CO, and Boulder, CO 
Partner's Contribution to the Project: 
In-Kind Support 
Facilities 
Collaborative Research 
Personnel Exchanges 
Other: NREL is collaborating with ISU on multiple proposals 
More Detail on Partner and Contribution: 
National Center for Atmospheric Research 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Boulder, CO, and Golden, CO 
Partner's Contribution to the Project: 
Facilities 
Collaborative Research 
More Detail on Partner and Contribution: 
Neumann Monson Architects 
Organization Type: Industrial or Commercial Firms 
Organization Location: Des Moines, IA 
Partner's Contribution to the Project: 
Collaborative Research 
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More Detail on Partner and Contribution: 
Next Era Energy 
Organization Type: Industrial or Commercial Finns 
Organization Location: Palo, IA 
Partner"s Contribution to the Project: 
Facilities 
More Detail on Partner and Contribution: 
NextEra 
Organization Type: Industrial or Commercial Finns 
Organization Location: Juno Beach, FL 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
North Carolina State University 
Organization Type: Academic Institution 
Organization Location: Raleigh, NC 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
North IA Area Community College 
Organization Type: Academic Institution 
Organization Location: Mason City, IA 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Northeast IA Community College 
Organization Type: Academic Institution 
Organization Location: Calmar, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
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Northwest IA Community College 
Organization Type: Academic Institution 
Organization Location: Sheldon, IA 
Partner's Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Northwestern University 
Organization Type: Academic Institution 
Organization Location: Chicago, IL 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Norwegian University of Science and Technology 
Organization Type: Academic Institution 
Organization Location: Trondheim, Norway 
Partner's Contribution to the Project: 
In-Kind Support 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Pacific Northwest National Laboratory 
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Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Richland, WA 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Peking Union Medical College General Hospital 
Organization Type: Academic Institution 
Organization Location: Bejing, China 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
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Pella Corporation 
Organization Type: Industrial or Commercial Firms 
Organization Location: Pella, IA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Penn State University 
Organization Type: Academic Institution 
Organization Location: State College, PA 
Partner"s Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
Phillips 66 
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Organization Type: Industrial or Commercial Firms 
Organization Location: Tulsa, OK, and Bartlesville, OK 
Partner"s Contribution to the Project: 
Collaborative Research 
Other: Sponsors fast pyrolysis research. 
Mora Detail on Partner and Contribution: 
Prairie Lakes Area Education Agency 
Organization Type: Other Nonprofits 
Organization Location: Jefferson, IA 
Partner"s Contribution to the Project: 
Other: Partner for 2016 UNI Energy Institute 
More Detail on Partner and Contribution: 
Project Lead the Way 
Organization Type: Other Nonprofits 
Organization Location: Indianapolis, IN 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
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Purdue University 
Organization Type: Academic Institution 
Organization Location: West Lafayette, IN 
Partner"s Contribution to ttle Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
RAMDO Solutions 
Organization Type: Industrial or Commercial Firms 
Organization Location: Iowa City, IA 
Partner"s Contribution to ttle Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Racional Energy and Environment Co. 
Organization Type: Industrial or Commercial Firms 
Organization Location: Conroe, TX 
Partner"s Contribution to ttle Project: 
Financial support 
Collaborative Research 
More Detail on Partner and Contribution: 
Raytheon BBN Technologies 
Organization Type: Industrial or Commercial Firms 
Organization Location: Cambridge, MA 
Partner"s Contribution to ttle Project: 
Financial support 
Collaborative Research 
More Detail on Partner and Contribution: 
Renmatix 
Organization Type: Industrial or Commercial Firms 
Organization Location: King of Prussia, PA 
Partner"s Contribution to ttle Project: 
In-Kind Support 
Collaborative Research 
More Detail on Partner and Contribution: 
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Rice University 
Organization Type: Academic Institution 
Organization Location: Houston, TX 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Sabre Industries 
Organization Type: Industrial or Commercial Firms 
Organization Location: Sioux City, IA 
Partner's Contribution to the Project: 
Facilities 
More Detail on Partner and Contribution: 
Society of Women Enginers 
Organization Type: Other Nonprofits 
Organization Location: Cedar Falls, IA 
Partner's Contribution to the Project: 
Other: Organized Expanding your Horizons event 
More Detail on Partner and Contribution: 
South Dakota State University 
Organization Type: Academic Institution 
Organization Location: Brookings, SD 
Partner's Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Southeast IA Community College 
Organization Type: Academic Institution 
Organization Location: West Burtington, IA 
Partner's Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
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Southwestern IA Community Collage 
Organization Type: Academic Institution 
Organization Location: Creston, IA 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Stine Seed Corp 
Organization Type: Industrial or Commercial Firms 
Organization Location: Adel, IA 
Partner"s Contribution to the Project: 
In-Kind Support 
Collaborative Research 
More Detail on Partner and Contribution: 
Tallgrass Prairie Center 
Organization Type: Other Nonprofits 
Organization Location: Cedar Falls, IA 
Partner"s Contribution to the Project: 
Financial support 
In-Kind Support 
Facilities 
Collaborative Research 
More Detail on Partner and Contribution: 
Thennal Visions, Inc., 
Organization Type: Industrial or Commercial Firms 
Organization Location: Granville, OH 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
USDA-ARS Midwest Area 
RPPR - Previaw Report 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Ames, IA, St Paul, MN, Bowling Graen, KY, Peoria, IL, and Morris, MN 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
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USDA-A.RS Pacific West Area 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Prosser, WA, and Kimberty, ID 
Partner"s Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
USDA-A.RS Southeast Area 
Organization Type: Other Organizations (foreign or domestic) 
Organization Location: Florence, SC 
Partner"s Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
Universidade Federal de ltajuba - UNIFEI 
Organization Type: Academic Institution 
Organization Location: ltajuba, Minas Gries, Brazil 
Partner"s Contribution to the Project: 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
University of Akron 
Organization Type: Academic Institution 
Organization Location: Akron, OH 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Alabama 
Organization Type: Academic Institution 
Organization Location: Tuscaloosa, AL 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
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University of California Santa Barbara 
Organization Type: Academic Institution 
Organization Location: Santa Barbara, CA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of California Santa Barbara 
Organization Type: Academic Institution 
Organization Location: Santa Barbara, CA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Colorado 
Organization Type: Academic Institution 
Organization Location: Boulder, CO 
Partner"s Contribution to the Project: 
Collaborative Research 
Mora Detail on Partner and Contribution: 
University of Florida 
Organization Type: Academic Institution 
Organization Location: Gainesville, FL 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Ghent 
Organization Type: Academic Institution 
Organization Location: Ghent, Belgium 
Partner"s Contribution to the Project: 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
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University of Hamburg 
Organization Type: Academic Institution 
Organization Location: Hamburg, Germany 
Partner"s Contribution to the Project: 
Personnel Exchanges 
More Detail on Partner and Contribution: 
University of Helsinki 
Organization Type: Academic Institution 
Organization Location: Helsinki, Finland 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Illinois - Urbana-Champaign 
Organization Type: Academic Institution 
Organization Location: Champaign, IL 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Iowa 
Organization Type: Academic Institution 
Organization Location: Iowa City, IA 
Partner"s Contribution to the Project: 
In-Kind Support 
Collaborative Research 
Personnel Exchanges 
RPPR - Previaw Report 
Other: Taught course developed by Cl, Director of operations at Lakeside Laboratory, site for EPSCoR field 
laboratory, 
More Detail on Partner and Contribution: research/proposal collaborations 
University of Kent School of Architecture 
Organization Type: Academic Institution 
Organization Location: Kent, United Kingdom 
Partner"s Contribution to the Project: 
In-Kind Support 
More Detail on Partner and Contribution: 
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University of Northern Iowa 
Organization Type: Academic Institution 
Organization Location: Cedar Falls, IA 
Partner"s Contribution to the Project: 
In-Kind Support 
Facilities 
Collaborative Research 
Personnel Exchanges 
RPPR - Previaw Report 
Other: Is working on UNI LSAMP project; working on STEM Summer camps coordination 
More Detail on Partner and Contribution: research/ proposal writing collaborations 
University of Oklahoma 
Organization Type: Academic Institution 
Organization Location: Norman, OK 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Oldenburg 
Organization Type: Academic Institution 
Organization Location: Oldenburg, Germany 
Partner"s Contribution to the Project: 
In-Kind Support 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
University of Tennessee 
Organization Type: Academic Institution 
Organization Location: Knoxville, TN 
Partner"s Contribution to the Project: 
Facilities 
Collaborative Research 
Personnel Exchanges 
More Detail on Partner and Contribution: 
University of Texas Ausin 
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Organization Type: Academic Institution 
Organization Location: Austin, Texas 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Washington 
Organization Type: Academic Institution 
Organization Location: Seattle, WA 
Partner's Contribution to tile Project: 
Financial support 
More Detail on Partner and Contribution: 
University of Wisconsin 
Organization Type: Academic Institution 
Organization Location: Madison, WI 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
University of Wisconsin • Platteville 
Organization Type: Academic Institution 
Organization Location: Platteville, WI 
Partner's Contribution to tile Project: 
RPPR - Previaw Report 
Other: Ongoing project development using EPSCoR supported equipment 
More Detail on Partner and Contribution: 
Vaisala Instruments Inc 
Organization Type: Industrial or Commercial Firms 
Organization Location: Boulder, CO 
Partner's Contribution to tile Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Virginia Polytech Institute and State University 
Organization Type: Academic Institution 
Organization Location: Blacksburg, VA 
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Partner"s Contribution to the Project: 
Other: Co-author with U. Passe on book published April 2015 
More Detail on Partner and Contribution: 
Western IA Tech Community College 
Organization Type: Academic Institution 
Organization Location: Sioux City, IA 
Partner"s Contribution to the Project: 
Facilities 
Personnel Exchanges 
More Detail on Partner and Contribution: 
Windlogics, Inc 
Organization Type: Industrial or Commercial Finns 
Organization Location: St. Paul, MN 
Partner"s Contribution to the Project: 
Facilities 
Collaborative Research 
More Detail on Partner and Contribution: 
Worcester Polytechnic Institute 
Organization Type: Academic Institution 
Organization Location: Worcester, MA 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
Wuhan University 
Organization Type: Academic Institution 
Organization Location: Wuhan, China 
Partner"s Contribution to the Project: 
Collaborative Research 
More Detail on Partner and Contribution: 
What other collaborators or contacts have been involved? 
Nothing to report 
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What is the impact on the development of the principal discipline(s) of the project? 
The Iowa NSF EPSCoR project has made significant impacts during Year 5 in the research areas of bioenergy, wind 
energy, energy utilization, and energy policy, as well as in the broader impacts related to the research areas. 
BioEnergy (BE) 
Environmental benefits of native perennial biofuel feedstocks in the landscape have been characterized. Small-scale 
experimental evidence suggests native perennial prairie feedstock has a much higher potential for carbon mitigation. In 
scaling up to a production-scale experimental system, differences between small-scale experimental results and 
production-scale realities are being found. 
Scientific knowledge of biochar systems has grown from a handful of anecdotal studies to systems level models, 
which are currently under development as part of this project. For example, referred publications including biochar as a 
key word have grown from 291 in 2011to1298 in 2015 (ISi Web of Science all data bases), and the Iowa NSF 
EPSCoR team contributed greatly to this knowledge. 
The development of reliable multiphase fluid flow simulations coupled with radiation transport simulations has resulted 
in deeper understanding of the microenvironment for algae cultivation and how it can be manipulated to improve 
biomass production. 
A computer code simulating biomass thermochemical transformation is expected to predict the effects of reactor 
conditions on the physicochemical evolution of biomass particles and product yields; this code will advance the 
capability in predicting the reactor performance when using biomass feedstocks. 
Wind Energy (WE) 
The current datasets and future data collected from the two 120-m towers will provide new insights on the day vs. night 
differences of mixing and the sizes of eddies responsible for atmospheric boundary layer transport. These datasets are 
a critical calibration resource to improve numerical simulation of wind farm aerodynamics and boundary layer 
parameterization within weather forecasting models. A better understanding of boundary layer dynamics and turbine-
turbine interactions will reduce forecast bias and uncertainty at multiple temporal scales of prediction (e.g. day-ahead 
vs. 12 hr periods) of the energy market. 
Cameras mounted on the 120 m towers will be a unique addition to the discipline. Because they are statically placed 
above a homogeneous landscape, groups, including collaborators in Arizona and at Brookhaven National Lab, have 
exercised interest in using them to calibrate/validate novel platforms. 
The physical understanding on the growth and decay of dynamic stall vortices, generated through team measurements, 
provides a paradigm to inform the design of wind turbine rotor blades and supports the development of aerodynamic 
models to more accurately predict rotor loads. 
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The design simulation tools developed for wind turbine drivetrains facilitates the optimum design process of drivetrain 
systems for achieving the high product reliability while minimizing cost. Additional design simulation tools for other 
wind turbine components (e.g., blades) considering wind load uncertainty could be used to obtain reliable optimum 
design of wind turbine components and reduce wind energy costs. 
Gearbox failure in wind turbines includes two types: gear-tooth failure and bearing failure. It has been observed that 
bearing failure is more common but also more complicated. The development of a physical-based multiscale model 
enables researchers to thoroughly study elastohydrodynamic lubrication, temperature, and debris effects on bearing 
fatigue failure. 
Surface microstructure alteration during manufacturing is a major source for reliability issues in wind turbine 
components. A method has been developed to improve the surface properties by actively modifying the 
microstructures. This multi-physics model can quantitatively disseminate the underlying mechanisms through prediction 
of the microstructure change. 
A risk-averse approach to strategic planning of energy grid operation has been proposed. Currently, the overwhelming 
majority of literature on energy grid optimization and operations assume a risk-neutral framework, where risks of very 
rare but catastrophic events (such as massive "blackouts") are not properly taken into account. Moreover, new, 
nonlinear measures of risk specifically designed for quantifying risk exposure to catastrophic events were developed. 
Energy Utilization (EU) 
The Green Community Campaign project helped clarify both the targets (e.g., adopting a new technology such as 
LEDs may work better than targeting an existing behavior such as changing furnace filters) and methods of behavior 
change (e.g., targeting individuals rather than communities) to be explored in future research. The project has provided 
an opportunity to apply basic behavioral theory and practice to a field setting. 
Improved design tools for passive cooling and heating, and better understanding of the impact of human behavior on 
those passive systems, as well as calibrated energy models for residential construction and calibrated CFD models for 
natural ventilation, will have a crucial impact on green and sustainable building design. The post occupancy evaluation 
conducted with the Interlock House lead to the integration of a novel control strategy and interface for the occupants, 
which helped the building to achieve net zero energy balance over the course of Year 5. 
The impact of the sustainable school project on the development of the discipline of architecture has been excellent in 
tenns of papers and conference presentations. Specifically the interdisciplinary engagement of social sciences and 
critical perspectives on sustainable design going beyond energy perfonnance and working in interdisciplinary ways, 
which has been an emerging theme in many large conferences. 
Energy Policy (EP) 
The compilation of data on actual land use changes associated with high commodity prices allowed land use changes 
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at the extensive margin, which involve clearing new land, to be distinguished from land use changes at the intensive 
margin, which involve using the existing land base more intensively. All economic models used to determine the 
impacts of biofuels on land use change emissions assume that land use change only occurs at the extensive margin 
and that the only intensive margin impacts are caused by higher crop yields. The team's work showed this model 
limitation led to over-estimates of greenhouse gas emissions from land use changes. The primary impact of this on the 
discipline is increased knowledge of how land use actually changes, which has led to modification of one of the primary 
models used to estimate greenhouse gas emissions from biofuels. 
Another impact on the discipline is a better understanding of the impacts of ethanol mandates in the Renewable Fuel 
Standard on retail gasoline prices. The conventional wisdom among economists was based on work which did not 
account for important rigidities in the fueling infrastructure and ignored how EPA enforced compliance with the 
mandates by owners of oil refineries. The team's work showed that accounting for these realities changed the 
conventional wisdom that increased mandates would have a significant impact on retail prices. It was demonstrated 
that at current mandate levels, and given the existing infrastructure, prices for gasoline would be largely unaffected by 
moderately-increased mandates. 
Broader Impacts {Bl) 
Several new courses were launched this past year, including ME 605: Broader Impacts of Engineering on Society at 
ISU (the first course of its kind in the nation), Tech 4100: Undergraduate Research in Construction Management at 
UNI, and AGRON 590-DR: Micrometeorological Methods and Applications, which was an experimental course that 
used the Wind Energy Platform field observations. 
What is the impact on other disciplines? 
Renewable energy and energy utilization studies impact many disciplines beyond the traditional physics- and 
chemistry-based disciplines. Selected impacts in other disciplines are highlighted below. 
BioEnergy (BE) 
Interdisciplinary teams were developed to prepare proposals for current and anticipated funding opportunities. These 
include a $3M response to the NSF INFEWS program, three pre-proposals and two full proposals to the DOE's 
MEGABIO program, a full proposal to the DOE Incubator program, and a team to participate in an application to the 
DOE Bioenergy Center program. 
The hyperspectral imaging data will impact many other disciplinary areas including geographic information 
science/remote sensing, decision support systems science, applied meteorology and geography, and agronomy. 
The need to understand and characterize utilization of the anhydrosugar cellobiosan will impact the field of 
biochemistry. The membrane engineering strategies demonstrated by Jarboe's group will impact the field of biophysics. 
Jarboe also identified a novel mutation within CsrA that alters CsrA function that is relevant to microbiology. 
Using techno-economic analysis, Mba-Wright has provided new estimates of biofuel production prices which can be 
useful for policy analysis and life cycle analysis. 
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The knowledge generated in the development of a computer code to simulate biomass thermochemical transformation 
can also be used in other areas related to multiphase chemically reacting flows. 
Wind Energy (WE) 
Wind resource characterization data provide valuable inputs for turbine blade and tower loading models and other 
engineering applications for designing smarter, more efficient turbine components. The tall tower data will facilitate a 
holistic understanding of atmospheric boundary layer processes in natural and forced scales of turbulence, and the data 
will expand understanding of atmospheric transport in areas of pathology, etymology, aviation, and crop physiology. 
The improved wind farm modeling algorithms developed over the last year are not necessarily restrictive to wind 
turbines. They are generic in nature and can be applicable to any low speed flows. The simulation tools can provide 
those outside the aerodynamics discipline an opportunity to simulate products efficiently without the full knowledge of 
aerodynamics. The mathematical framework developed for the yawing rotors and complex terrain can be used to 
perform other moving body simulations in complex geometries like rotorcrafts near buildings. 
Understanding the physics of dynamic stall vortex growth and evolution can impact a broad range of applications 
involving unsteady, separated flows, including helicopter rotor aerodynamics, aircraft maneuvering, and many bluff body 
flows. 
The development of multiscale modeling for rolling contact fatigue failure provides the framework of multiscale 
modeling in other disciplines. 
Iowa reliability based design optimization (1-RBDO) software has been developed such that other disciplinary 
researchers can transition their deterministic disciplinary analyses codes to reliability-based codes with optimization. 
In modeling wind energy electrical distribution networks, efficient methods have been developed for solving nonlinear 
mixed-integer optimization problems that arise from the risk-averse stochastic programming formulations. 
Energy Utilization (EU) 
Building science and energy utilization can impact many disciplines. Social and behavioral sciences can track and 
model how occupants effectively utilize a building's energy systems. Physics and mathematical modeling can assist 
with developing better building energy systems. New this year was enhanced collaboration between faculty in 
architecture and engineering. The research and infrastructure developed with the building science plank has already had 
a significant impact on the projects developed within mechanical engineering and CFD, as well as control logic within 
electrical and computer engineering discipline, which can be seen in the joint NSF CyberSEES proposals, the NSF 
Environmental Sustainability proposal, and the NSF INFEWS proposal, which combine 16 ISU faculty and MIT. 
A complex CFD mesh for the Interlock House has been used for high performance computing CFD model validation. 
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Assistant Professor Soumik Sarkar (ISU Mechanical Engineering) has been funded with his own NSF grant using the 
Interlock House data. 
Energy Policy (EP) 
The land use change research will likely influence the work of geographers and environmental scientists who are 
interested in global land use change patterns because they will now need to look for intensive changes in land use as 
well as extensive changes. 
Broader Impacts (Bl) 
As discussed in Year4, the !SU-ADVANCE best practices in faculty hiring are being institutionalized at UNI and UI; 
these best practices in hiring a diverse faculty will be used throughout the respective universities in all disciplines, not 
just those related to STEM degrees. 
All Bl projects aim to increase exposure of women, URM, and community college students to educational and research 
opportunities in STEM areas, which fits well with the goal of Iowa's Next Generation Science Standards, where energy 
concepts can be used as a common thread in various STEM disciplines. 
Increasing the presence of Project Lead the Way (PLTW) in more school districts in Iowa will help broaden the pipeline 
for those interested in STEM fields. Even if the PLTW students do not continue their education in a STEM-related field, 
they will have experience of some technical education which will make them better infonned citizens. 
What is the impact on the development of human resources? 
The Iowa NSF EPSCoR project has had a direct impact on the development of the state's human resources. Across 
platfonns, numerous junior faculty, graduate students, postdocs, assistant scientists, visiting scientists, 
undergraduates, and technicians have benefitted/received training in research experiences involving bioenergy, wind 
energy, energy utilization in the areas of numerical modeling, experimental methods, data acquisition, data analysis, 
data archiving, and/or data presentation. The numbers for Year 5 include: 
103 faculty (36 female and 8 URM), including 71 junior faculty (assistant and associate professors; 28 female and 6 
URM); 
64 staff (35 female and 4 URM); 
14 post-docs (8 female, 1 URM); 
103 graduate students (37 female and 13 URM); 
102 undergraduate students (45 female and 14 URM). 
Additionally, 1 community college student (URM) will be one of the 27 Iowa NSF EPSCoR interns at the three Regents 
Universities this summer. 
Highlights from each platfonn in human resource development during Year 5 include the following: 
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BioEnergy (BE) 
Over the course of the project, four assistant professors on the BE team have been promoted to associate professor. 
Others are in a stronger position when they go up for promotion because of the leveraged resources, data bases, 
publications, and grants generated through the Iowa NSF EPSCoR project. 
Wind Energy (WE) 
The new Wind Energy Student Organization (WESO) at ISU is in its second year as an active student group; their 
outreach efforts encourage new young students to consider STEM-related disciplines as they think about college. 
It is anticipated that more students will complete the Wind Energy Certificate program at UI because it has been 
reconfigured to incorporate course work and faculty expertise from the departments of Mechanical and Industrial 
Engineering, Civil and Environmental Engineering, Electrical and Computer Engineering, and Geography. 
One of the PhD students working in the Blade Performance and Reliability Plank also has a Symbi Fellowship 
(http://www.cbirc.iastate.edu/education/symbi/) which requires weekly interactions with students in the Des Moines 
Public Schools. 
Mentoring of students at all levels, including high school, undergraduate, and graduate, has been on-going, where 
STEM careers and opportunities are continually stressed. 
Outreach activities to the non-engineering community has been completed through an online continuing education 
lecture series of wind energy (httos://www.elo.iastate.edu/professional-development/introduction-to-wind-eneroy/). 
Energy Utilization {EU) 
Post graduate researcher He has acquired significant research skills as a key member of the Building Science Plank, 
participated in the Preparing Future Faculty program at ISU, and is completing her own educational research project. 
Several undergraduate research assistants were involved in energy utilization research, including (1) working with 
baseline data collection and survey analysis, (2) installing instrumentation at the lnter1ock House, (3) designing and 
constructing the energy system display trailers for outreach activities, and (4) investigating and analyzing energy 
systems. 
Several undergraduate and graduate students have been awarded prizes for their energy utilization work and have 
presented papers at significant international conferences. For example, (1) Murillo received the excellent performance 
award from the College of Design for undergraduate student awards; (2) Taggart has been trained for IRB research and 
is going to continue the occupancy research efforts after Iowa NSF EPSCOR; (3) Jeanblanc is continuing into graduate 
education at ISU; and (4) Stopak and Fleenor have expanded their architectural visualization skills towards building 
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science data visualization, which will be an instrumental tool to communicate the research outcomes to professional 
stakeholders and the larger general public. 
Energy Policy (EP) 
The seed grants given to junior faculty members have allowed them to pursue new research efforts in the area of 
renewable energy that should, at a minimum, broaden the perspective of these assistant professors in tenns of 
research ideas, the realities of policy, and the possibility of collaborating with researchers in other disciplines. 
Broader Impacts (Bl) 
The faculty development programs and seed grants are expected to have a positive impact on success of faculty in 
building and enhancing their research portfolio through increased success in grantsmanship and collaborative research 
efforts. Faculty who attend selected faculty development programs/workshops will be tracked to see how they fare 
over a 3-year period to evaluate the impact of these programs and whether they are helping faculty succeed. As faculty 
are able to build up their grant successes, this will lead to additional students, both undergraduate and graduate, having 
opportunities to do scholarship across the university. It can also lead to additional researchers becoming a part of the 
university community, post-doctoral associates, research technicians, etc. 
Diversity and Outreach efforts have had a major impact on the Regent Universities in galvanizing engagement of 
diverse graduate and undergraduate students, as well as in giving change agents opportunities to highlight research on 
best practices for recruitment of diverse faculty (search committee training to adopt best practices identified by ISU-
ADVANCE for all open lines in engineering at ISU and UI as well as campus wide at UNI). In addition, the outreach 
events aimed at engaging women and U RM school children strengthened the diversity in STEM pipelines across the 
state. The past year, over 800 female and URM students were engaged in STEM related outreach activities. 
As a result of the professional development programs provided for teachers through the life of this project, at least 
10,000 K-12 students (a conservative estimate) per year are impacted by exposing them to the subject of finite energy 
sources and how the state of Iowa is addressing the shortfall by creating and implementing an extensive bio-based 
industry. Teachers are discussing with their students their role in stewardship of the environment and the responsibility 
society has to properly managing natural resources. Students are more infonned about the Iowa bioeconomy, the job 
market in this area, and the academic requirements to obtaining green-collar jobs. 
As Iowa communities struggle to find highly qualified workers, PLTW provides a conduit not only for those students 
interested in engineering, but those that find themselves interested in other STEM fields. The Iowa NSF EPSCoR 
supported staff member has allowed more successful interaction with new schools, leading to the addition of 26 new 
PLTW schools in Iowa in the 2014-15 year alone (numbers for 2015-2016 are not yet available), and the position will be 
sustained at UI. There are now more than 26,713 Iowa students per year taking PLTW high school courses. 
The primary impact of the Cl efforts is the engagement and education of a wide range of faculty, staff, and students in 
the use of Cl tools to enhance research and education efforts. The workshops have educated over 160 participants 
from the faculty, scientific research staff, and graduate student ranks in the use of Cl to enhance research and 
education. 
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The internship experiences for journalism students have proven to be very valuable. One intern has joined ISU's 
College of Engineering communications office, another now works at UI, and another served in a communications 
position at a biochar startup company in Iowa before joining Advanced Renewable Technology International. All interns 
indicated increases in knowledge in the areas of bioenergy, wind energy, energy utilization, energy policy, STEM 
education, diversity in research and education, science communication, and science journalism due to the internship. 
What is the impact on physical resources that fonn infrastructure? 
One of the goals of the Iowa NSF EPSCoR project is to develop the infrastructure to better perform renewable energy 
and energy utilization research. Activities in this area during Year 5 are summarized here. 
This project helped establish field laboratories and biomass conversion pilot plants, as well as helped purchase 
instrumentation to be used in conjunction with the laboratories and open source software to simulate the pilot plants. 
Taken together, these have greatly expanded the ability to perform bioenergy research. 
The Malvern Zetasizer purchased partly with Iowa NSF EPSCoR funds was made available to other groups at ISU, 
and have been instrumental in acquiring additional research funding. For example, the Zetasizer was used by one 
researcher on two newly funded research projects: "Developing a New System for the Delivery of Cancer 
Chemotherapeutic Agents that has an Added Benefit of Enhancing the Patient's Natural Immune Response," funded by 
the Roy J. Carver Charitable Trust grant #13-4285 and "Reprogramming tumor associated macrophages: engineering 
polymer surface properties to discriminately deliver drugs," funded by the NSF CBET-1227867. Another faculty member 
used the Zetasizer on two other newly funded research projects: "Genetic and Environmental Factors Driving E. coli 
Attachment to Particles and Streams", funded by NSF Environmental Engineering program, award number CBET-
1236510 and "Biological Utilization of Thermolytic Substrates by Bacteria and Microalgae: Addressing Toxicity of 
Substrate Contaminants", funded by NSF Energy for Sustainability, award number CBET-1133319. 
The Iowa NSF EPSCoR project has substantially improved the capability of measuring hydrology in two watersheds, 
water quality in one watershed, and at various locations soil moisture, plant respiration, C02 and N20 fluxes from 
agricultural soils, soil nutrient levels, weather, soil carbon and nitrogen cycling, and many other indices of agricultural 
productivity and soil and water quality. The team also has state of the art high resolution aerial imaging abilities and has 
developed substantially soil-crop-climate and hydrology modeling ability. 
A liquid phase and gas phase pressurized catalysis reactor was constructed. This will enable multiple groups to 
perform biofuel upgrading and conversion reactions of intermediates to final products and screen new catalysts. 
Iowa NSF EPSCoR equipment (River Ray) is being leveraged to contribute to a NASA funded project aimed at 
improving streamflow predictions for the US. The River Ray records flood data that is extremely valuable for evaluating 
the skill of hydrologic prediction models. These data are used to understand how skill varies with watershed size to 
better inform prediction on small watersheds and ungagged basins. 
A major effort during Year 5 was the construction of the two 120 m towers for atmospheric boundary layer 
measurements within and outside an operating wind farm. Land for the two towers is now under university lease, one in 
Story County and one in Hamilton County. Roads have been installed to the tower locations and power has been 
routed to the site. The first order for tower-based sensors arrived in ea~y summer 2015, the second order was placed in 
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August 2015, and sensors arrived by early October 2015. Final tower layout plans and construction diagrams were 
approved for tower components in late October 2015. The first of the two towers was fully erected with all sensors 
mounted to the tower in late January 2016. Final instrumentation and wiring checks are expected to be completed in 
late spring or early summer 2016. The second tower was fully erected in the second week of February 2016 and 
instrumentation mounting and wiring will be completed sometime summer 2016. Instrument sheds have been installed 
at both sites, and data loggers have been installed in sheds. Wireless communication has been established to both 
sites, and data samples from tower-based instruments at the Story County site have been transmitted to the ISU 
campus. The database server and web server for collection and transmission of data from the two towers were 
configured in late fall and early spring 2016, and are located in the Durham Center on the ISU campus. In early March 
2016, the first tower began sending 20 Hz and 1 Hz data to the servers on the ISU campus. Advances in database 
security and web access will be forthcoming through summer 2016. Infrared and hyperspectral cameras to monitor crop 
and environmental conditions surrounding the tower will be installed on the second tower at the completion of tower 
construction. 
Further testing and characterization of the new UI wind tunnel, constructed through the Iowa NSF EPSCoR project, 
has been conducted in conjunction with the primary research activities. 
The Interlock House, which serves as the activity center at Honey Creek State Park, and the Columbus Community 
High School in Columbus Junction, continue to serve as building energy utilization community laboratories for decades 
to come. They will continue to inform Iowans of a building's role in the energy use profile of the state, as well as inform 
visitors of their own impact on the environment through the buildings they occupy and how they occupy them. 
The ISU high resolution infrared camera has been used this year in the ISU STEM learning community. 
Seed grant funding has allowed for the acquisition of new instrumentation in several laboratories at the Regent 
Universities, community colleges, and 4 year colleges across the state. This helps with the institutions' mission to 
provide hands-on, in depth opportunities for scholarship to students. 
The delivery and structure of the bioprocessing program at Indian Hills was completely redesigned to include a 
certificate, 3 diplomas, and 2 A.A.S. degrees. Due to the redesign of the IHCC bioprocessing program, it is anticipated 
that the equipment procured through Iowa NSF EPSCoR will serve the IHCC programming and associated company 
research well for the next 10 years. 
What is the impact on institutional resources that form infrastructure? 
The collaborations formed through the Iowa NSF EPSCoR project have had an impact on the institutional resources at 
all three Regent Universities, and provide new ways to do research. For example, discussions are underway about the 
formation of a state-wide wind energy research center. 
During Year 5, the Grants Hub at ISU (established during year 4) has hired their first fulltime director and is now fully 
staffed. It will be a key resource for faculty in the pursuit of external grant funding and learning best practices in 
establishing healthy broader impacts activities as part of their career planning. 
https1/reportirg.research.gov/rppr-w-ppr?execution=e1s3 158/168 
611/2016 RPPR - Previ9'N Repat 
The Building Science Plank continues to have a significant impact on the work conducted at the ISU Center for 
Building Energy Research (CBER). CBER, directed by Building Science Plank leader Passe, will continue much of the 
building science work at the Interlock House after the Iowa NSF EPSCoR project is completed. The Mobile Diagnostic 
Lab (MDL) will be used to establish new collaborations with the construction engineering department as well as 
material science and engineering. 
Iowa NSF EPSCoR is providing staffing resources that allow the institutions to increase investment into Cl training 
and development. 
The PllW program has led to increased cooperation among the three Regent Universities and the 15 Iowa Community 
Colleges. ISU and UI, in collaboration with the community colleges, provide ongoing professional development for 
PLlW teachers, while UNI is providing preservice training in PLlW pedagogy for students in industrial technology 
education and science education. 
Efforts in K-12 engagement have resulted in new grants and resources - including a STEM-C grant to introduce 
engineering content in K-12 curricula and an Iowa Governor's STEM Council scalable program grant to have the PllW 
grade school (Launch), middle school curriculum (Gateway), and high school curriculum (Principles of Engineering and 
Computer Science and Software engineering) implemented in schools across Iowa. 
The Energy Systems minor at ISU currently has 19 students enrolled in the minor. An additional 32 students have 
graduated with an undergraduate engineering degree that included the minor; 13 of those students graduated in Year 5. 
A new coursework-only Masters of Engineering in Energy Systems at ISU came on-line in fall 2014; 5 students are 
currently enrolled in the MEng in ES degree program and two students completed the graduate certificate program in 
Energy Systems. 
U I reconfigured their Wind Energy Certificate program to incorporate course work and faculty expertise from the 
departments of Mechanical and Industrial Engineering, Civil and Environmental Engineering, Electrical and Computer 
Engineering, and Geography. As of spring 2016, 2 students have graduated with a wind energy certificate and 2 
students are currently enrolled. With the reconfiguration, it is anticipated that more students will complete this 
certificate program at U I. 
Several courses have been developed or updated with support from Iowa NSF EPSCoR during this project; these 
include: 
- ISU AGRON 590-DR: Micrometeorological methods and application 
- ISU Arch 531: Whole Building Energy Simulation 
- ISU BRT 515: Energy Policy 
- ISU BRT 516: International Energy Policy 
- ISU BRT/ABE/TSM/MSE 546X: Introduction to Bioplastics and Biopolymers 
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- ISU ME 510: Economics and Policy of Engineered Energy Systems 
- ISU ME 531: Advanced Energy Systems and Analysis 
- ISU ME 605: Broader Impacts of Engineering on Society 
- UI CEE 5129: Information Systems for Resource Management 
- UI GEOG 3560-0001: Spatial Analyses of Wind Energy 
- UI ME 4116: Manufacturing Processing and Automation 
- UI ME 6217: Advanced Modeling and Simulation for Manufacturing 
- UNI Tech 4100: Undergraduate Research in Construction Management 
- Dordt EGR 344: Fluidized Engineering 
- Dordt EGR 345: Biorenewable Systems Engineering 
What is the impact on infonnation resources that fonn infrastructure? 
Many of the activities in the Iowa NSF EPSCoR project produce large quantities of data and information; impacts 
during Year 5 in this area are summarized here. 
The resources being developed by the Grants Hub at ISU are available for dissemination via its website at 
GrantsHub.iastate.edu. 
The building energy performance data from the Interlock House and Columbus Community High School is now 
available for multiple consecutive research projects. For example, Assistant Professor Sarkar (ISU Mechanical 
Engineering), was not originally affiliated with the Iowa NSF EPSCoR project. He has used the Interlock House data in 
a newly funded project supported by NSF. 
The UI data analytics pilot that began in October 2015 has engaged faculty from three different colleges on the 
University of Iowa campus in the area of high performance computing. 
This past year, an FTP/Database server and a web server were established at ISU for the purpose of accepting, 
processing, archiving, and disseminating data from the two meteorological tall towers in and near a central Iowa wind 
farm. Data will be available through a public web site (to go live in August 2016) to various users including researchers, 
federal and state agencies, private sector scientists and engineers, university instructors, primary and secondary 
schools, and the general public. 
A Data Carpentry Workshop (http://www.datacarpentry.org/) was organized and hosted at ISU to provide researchers 
high-quality, domain-specific training covering the full lifecycle of data-driven research. 
The portals for dissemination via online and social media are having a significant impact on their ability to reach a broad 
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audience. This is evidenced by the following data for August-March of Year 5: 6050 sessions, 4397 unique visitors, 
14862 page views for the website; 514 Twitter followers and 17815 impressions; and 1159 subscribers to the triennial 
newsletter. 
What is the impact on technology transfer? 
The Iowa NSF EPSCoR project is having an impact on technology transfer. Activities in the area during Year 5 include: 
The Bioenergy team is developing the concept of "carbon negative energy" (CNE), a subset of greenhouse gas removal 
(GGR) technologies, based on biomass pyrolysis and biochar sequestration (in contrast to biomass gasification and 
carbon dioxide sequestration being explored at some other institutions). The team is working with industry partners to 
demonstrate this technology. 
The Bioenergy team is also advancing manufacturing by exploring intensification and modularization of chemical 
reactors for processing stranded, distributed, and waste resources. They are part of a national team that includes 
industry, national labs, and other universities responding to a DOE NNMI solicitation in this area. 
The Bioenergy team is also using their expertise to participate in an application for a DOE Bioenergy Center. ISU has 
been invited to lead the biomass deconstruction area of a team being led out of the Pacific Northwest National Labs. 
Kong has developed an open-source CFD model that incorporates biomass reaction kinetics. It is being used as a tool 
to characterize the effects of operating conditions, feedstock properties, and reactor geometry on the product yield. The 
computer code is now able to resolve the flow field down to the particle level and consider the intra-particle 
phenomena, in addition to the interaction of particles and gas flows. The code is open-sourced, so it is freely available 
to other researchers. 
Heaton has expanded the Long-term Assessment of Miscanthus Productivity and Sustainability (LAMPS) project, 
bringing the project collaborator team to 14 members. LAMPS is a multi-location trial motivated by Iowa NSF 
EPSCOR-supported work, and enabled by Iowa NSF EPSCOR personnel and equipment funding. Made possible in 
part by the expertise brought with the ISU hire of VanLoocke, this trial is done in close collaboration with U I and 
supports UI transition from coal to biomass heat and power. In total, LAMPS provides novel, expanded capacity to 
assess ecosystem impacts of perennial energy crops from the field to the regional scale and will have a direct impact 
on the energy produced in Ul's power plant. 
Wen is in contact with the Ames Wastewater Treatment plant, the City of Slater Public works, and the Metropolitan 
Wastewater Reclamation District of Greater Chicago to implement a pilot scale algal biofilm system in their facilities to 
treat municipal wastewater. 
A patent has been filed by Shao entitled "Method To Produce Muconic Acid Using Yeast" (application number 
62253432, Filing date 11/10/2015). 
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As the wind data and interactive visualization tools are open and free, it is expected that others will use these data 
including academia, government and industry. 
A key modification to the most widely used numerical weather forecast model wortd-wide by an Iowa NSF EPSCoR-
supported PhD student has produced an average 13% reduction of the mean absolute error in wind forecasts for wind 
ramp events. A reduction of wind forecast error by 13% can be viewed as significant, where DOE reports wind forecast 
accuracy improvements of 10-20% can save $100-300M in annual operating costs nationally. 
The Mobile Diagnostics Lab (MDL) will have significant impact on potential new research and multiple research ideas 
that could use this new facility already exist. For example, Passe was recently contacted by a representative of 
Aquadar, a chilled beam manufacturer, who is establishing a manufacturing plant in Iowa (moving here from Malaysia) 
and collaborative research with this company using the MDL is in conversation. 
The energy policy research on the cost and feasibility of expanding US biofuel consumption, with given constraints on 
stations that sell high ethanol blends and the number of vehicles that can use the blends, made ISU known nationally. 
This national recognition combined with the knowledge base that was built up as part of the research enable the 
organizers of the seminar series to bring in top scholars in this and related areas. Two recent examples are James 
Stock with Harvard University and Soren Anderson at Michigan State University. As a result of ISU'S expertise, new 
collaborative research projects are starting up with James Stock and UC Davis economists in this area. 
What is the impact on society beyond science and technology? 
As in years past, the Iowa NSF EPSCoR project has impacted society beyond science and technology in both 
personal and broad ways. Selected examples of these impacts during Year 5 are provided below. 
BioEnergy (BE) 
Advanced manufacturing related to intensification and modularization of chemical reactors that is now being 
investigated by members of the Bioenergy team has the potential to revitalize the economies of rural Iowa (as well as 
other rural areas across the US). 
The bioenergy outreach activities to K-12 students increase their awareness of metabolic engineering, synthetic 
biology, and the production of fuels and chemicals from biomass, and enhances their perception of STEM education. 
Wind Energy (WE) 
A ten-hour introductory wind-energy lecture series is available online (httDs://www.elo.iastate.edu/professional-
development/introduction-to-wind-energy/) and is aimed at creating awareness in transforming to sustainable energy 
resources. The course can be used by professionals as 1.2 continuing education units (CEUs). 
An improved understanding of the aerodynamics of wind turbine rotors and their wake interactions will reduce the cost 
of renewable energy harvested from the wind, providing the public with more reliable and cost effective clean energy. 
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Implementation of the developed methods and models for strategic risk-averse decision making in the presence of 
uncertainty can potentially lead to more robust and safer infrastructure, thus increasing the efficiency of the government 
and industrial sectors. 
Energy Utilization (EU) 
The way building energy systems are used is extremely important for more sustainable economic and social 
development. Buildings use about 40% of the primary energy delivered in the US and about 70% of the total generated 
electricity; thus, a reduction in building energy use will have an enormous impact on the US economy. Understanding 
how the public uses a building, and what factors influence their building energy utilization, will help develop effective 
strategies for reduced building energy demand. 
The Green Community intervention results suggest a modest increase in public awareness regarding specific elements 
of energy efficiency. Behaviors targeted are often not central to many energy efficiency awareness campaigns, such as 
increasing awareness about the benefits of LED lighting in residential settings. 
Investigating building energy usage in small towns has identified that many members of the general public may not 
know where they lose heat energy from their homes. Even when people are aware of factors affecting heat energy 
efficiency, they tend to ignore the significance of problems until they actually see the symptoms. The visual image of 
heat loss, captured with a thermal imaging camera provided through this research, will improve the public's knowledge 
and attitudes regarding effective energy usage. 
The benefits of good school design are not only in terms of improving building performance, and thereby energy 
performance, but also in delivering the educational objectives of schooling and in ensuring the health and wellbeing at 
both the physical and developmental levels. The goal of the project has been to work towards impact on society 
beyond simply science and technology and to engage with the social dimensions of sustainable design. This has been 
progressed in terms of theoretical work. 
Energy Policy (EP) 
Advocates of combating climate change have been among the most vocal opponents of biofuels, despite the fact that 
biofuels are a renewable fuel that replaces fossil gasoline. The reason for this position is that many believe that carbon 
emissions caused by clearing land for crops can overwhelm any reduction in emissions resulting from using biofuels 
instead of gasoline. The team's work shows that the primary reason why land is being cleared in the world for crops is 
not higher crop prices caused by increased biofuel production, but rather by poor government policies and a lack of 
access to modem agricultural technologies. This knowledge will likely impact policy as the world's countries try to 
figure out how best to combat climate change. 
The Energy Independence and Security Act of 2007 envisioned a future transportation fuel mix in the 2020s that is far 
different than existed in 2007. Biofuels made from a wide range of feedstocks were envisioned to replace as much as 
20% of US light vehicle transportation fuels. The lack of a commitment to this policy has stalled investment in the 
plants and fueling infrastructure that would be needed to create this future. Work by the team on the impact of a lack of 
investment in stations that sell high percentages of ethanol may have a small future impact on the way that future 
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fueling infrastructure takes. It likely led some to support USDA's new program in 2015 that has a target of tripling the 
number of stations that will sell E85. 
Broader Impacts {Bl) 
As faculty/staff have more opportunities for developing their skill sets and build research capacity, it allows the 
institutions in providing a transformative experience for students as well as providing faculty the resources needed to 
carry out their scholarship. 
The continued engagement of women and U RM faculty, staff, and students in opportunities to develop their skill sets in 
STEM, coupled with efforts to enhance a culture of inclusivity in the STEM programs, will enable Iowa NSF EPSCoR 
to meet its mission of broadening the STEM pipeline and workforce across the state. 
The professional development programs provide K-12 instructors across the state with an understanding of global 
challenges, STEM workforce development, and what it will take for society to move from a finite source of energy to a 
renewable source of energy. 
Legislators and congressional aides are more informed about the research enterprise at the academic institutions and 
can access research results to inform their decision making. 
Changes/Problems 
Changes in approach and reason for change 
Changes in Year 5 were primarily the result of feedback from Subject Board Expert (SEB) reviews, which took place 
late in Year 4. Other changes took place due to resource and/or time constraints. All changes made during Year 5 are 
organized by platform. 
BioEnergy (BE) 
In response to the Bioenergy SEB review, interdisciplinary teams were developed to prepare proposals for current and 
anticipated funding opportunities. These included a $3M response to the NSF IN FEWS program, three pre-proposals 
and two full proposals to the DOE's MEGABIO program, a full proposal to the DOE Incubator program, and a team to 
participate in an application to the DOE Bioenergy Center program. 
In order to expand involvement in bioenergy conversion activities, approximately $220,000 was allocated during the 
course of Iowa NSF EPSCoR to six faculty not previously involved in the program. All of these faculty members are 
women and/or underrepresented minorities. Additionally, four have been in faculty roles for fewer than ten years. Along 
with the equipment and instrumentation infrastructure developed as part of this project, this seed funding will help retain 
early-career faculty and sustain long-term bioenergy research efforts established by senior faculty. 
Support for a postdoctoral scholar was provided to expand the investigation of carbon and nitrogen cycling in soils. This 
research is needed to better parameterize the APSIM biochar model, which forms the foundation of the NSF proposal. 
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Three of the junior faculty who were part of the Bioenergy team accepted positions at other intuitions during the project 
life. These represent career advancement opportunities for the individuals, but also disrupted the continuity of platform 
research efforts. 
Wind Energy (WE) 
No significant changes were made during Year 5 to the wind energy research activities. 
Energy Utilization {EU) 
The EU SEB reviewer suggested that the Imagine Energy Traveler (IET) trailer continue to tour the State of Iowa as 
was done in 2015. In response, the IET has been scheduled for events in 2016 beginning April 2 and continuing through 
October. Additionally, the reviewer suggested that the IET exhibits be upgraded to be more professional in appearance 
and to be more inclusive of the Iowa NSF EPSCoR's research and/or topic areas related to wind energy, bioenergy, 
and energy utilization in buildings. In response, professionally designed and constructed exhibits are now available and 
will travel the State of Iowa in 2016, reaching over 50,000 people, as part of the University of Iowa's Mobile Museum. 
At the conclusion of the Mobile Museum season, the exhibits will be moved to the Imagine Energy Traveler for use in 
subsequent years. The sustainability of the IET has been assured through a partnership with the Iowa Renewable 
Energy Association. The SEB reviewer also suggested to include an exhibit(s) in the IET related to the Interlock 
House, but this has yet to be attempted. 
Another suggestion was to build a connection to high quality providers for the building envelope commissioning (BECx) 
train-the-trainer program, and this was achieved by recruiting the high qualified members of the BECx collaborative for 
the first pilot workshop in May 2016 (http://register.extension.iastate.edu/becx). 
The EU SEB reviewer made several recommendations regarding the small town Iowa residential building energy loss 
study conducted at UN I, as follows: 
(1) Complete a baseline thermal imaging for small town Iowa building energy studies using aerial overflights (drones) 
because it would be efficient. This was not completed due to the cost of the drone and potential legal issues of flying 
over private homes and taking thermal images. 
(2) Permissions are needed to access private property to take thermal images of private homes that cannot be granted 
by the local utilities, or even the mayor. Some sort of opt-in method through community engagement was 
recommended to get permission for the imaging and sharing the results, with guidance from the Green Community 
Campaign Group. In response, a legal document of permission, release, and indemnification was created to collect 
signatures from the residential building owner/occupant, but excessive time was required. Instead, the director of public 
works in Sumner, IA had the research team accompany public works employees and take thermal images of selected 
residential buildings. 
(3) Obtain global energy information for the community to give baselines that can then be measured against any 
intervention the future might bring or additional research going forward. In response this data was requested but the 
utility indicated it was proprietary. 
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In response to the EU SEB reviewer, a literature review related to sustainable schools has been carried out (and 
continues) and has been presented at conferences. Case studies of international schools have been initiated. Papers 
have been presented over the course of the year that address standards and tools for building performance and the 
Well Building Standard will be further explored. Finally, the researcher in this area was out of the country for many 
months and on compassionate leave due to family health issues, which created additional challenges of managing the 
research from afar. 
Energy Policy (EP) 
Recommendations from the 2015 EP SEB report included the development of online sections of the energy policy 
course, as well as outreach efforts aimed at state legislators. Neither of these recommendations were implemented 
due to resource constraints. 
Broader Impacts (Bl) 
The Bl SEB reviewer commended the efforts of the Bl platform and no areas of concern were identified. Some 
opportunities were suggested to ensure long term impact including: (1) establishing an assessment infrastructure to 
measure successes of Bl programs and the impact that Iowa NSF EPSCoR had on the participants; and (2) ensuring 
that research efforts that are sustained beyond the life of the grant have Bl focuses in place. In response to these 
suggestions, the Bl platform is working with the Assessment and Evaluation team to develop and deploy a survey to 
measure "success" of the program. Plans are also underway to work with the platform faculty to develop Bl focus 
areas that can be integrated into long-term efforts and a Bl checklist has been developed that is provided through the 
ISU Grants Hub. 
In order to address an opportunity presented by the reviewer regarding ways where past participants can continue their 
interest in STEM and provide them with opportunities to continue their participation in STEM events, a Future STEM 
Panthers Club was developed at UNI. The UNI Future STEM Panthers is a virtual club open to K-12 grade students 
who have attended a STEM event on campus. STEM Panthers receive periodic electronic newsletters with information 
about upcoming campus events for students and families, profiles of undergraduates, and other stories to keep them 
connected to UNI and help support their future STEM career experiences. At UI, Bl members are collaborating with the 
office of admissions to manage data from program participants. Connections are maintained through social media as 
well as an email list for the connection of diverse learners with enrichment and educational opportunities. Specific Iowa 
NSF EPSCoR Bl efforts are working on list serves and contact groups based on participants of programs. 
Actual or Anticipated problems or delays and actions or plans to resolve them 
Personnel changes: 
The Iowa NSF EPSCoR Chief Operating Officer (Asrun Kristmundsdottir) has completely transitioned to the Director of 
Strategic Planning and Operations in the Office of the Vice President for Research at ISU. The Iowa NSF EPSCoR 
Financial Manager (Marc Peterson) has completely transitioned to the Post-Award Manager in the Grants Hub at ISU. 
Both still retain their Iowa NSF EPSCoR titles and provide a portion of their time to Iowa NSF EPSCoR duties, through 
an agreement with the ISU VPR office. Once the Iowa NSF EPSCoR project is completed in August 2017, they will 
have full employment in their new positions. This is one way of sustaining the knowledge gained through the Iowa NSF 
EPSCoR project management. 
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Platform Changes 
Construction of the two 120 m tall towers was slowed by weather delays (fall 2015 and winter 2016) and a work 
accident in mid-February 2016. Diagnosing instrument enors on the first tall tower have also been impacted by the halt 
in construction work. Diagnosing instrumentation errors are related to the use of new equipment from the 
instrumentation provider. Frequent communication with the instrumentation developer has helped identify enors in the 
sensors firmware and provided upgrades that will improve functional capabilities of the instrumentation. Both towers are 
expected to be fully commissioned by August 2016. Because of the tower construction delays, data gathering from the 
towers will be a focus of the one-year no-cost extension period (September 2016-August 2017). ISU has agreed to 
support the tower operational costs for three (3) years after the project ends (through August 2020). 
A collaborative wind energy resource proposal with four US universities, the University of Helsinki, four federal 
laboratories, a private sector wind farm owner, and the Finnish Meteorological Institute has been submitted to NSF 
(Feb 1, 2016). With help and guidance from the National Center for Atmospheric Research (NCAR), use of NCAR 
equipment was also requested to complement the tall tower facility and the instruments to be brought by the 
collaborating universities. However, delays in an NCAR experiment in Portugal in summer 2016 created a delay in the 
ISU tall tower planned experiment forfall 2016 and a delay in possible funding of this NSF request. The NSF program 
manager has proceeded with the scientific reviews of our proposal but if it is funded, the project would be delayed by 
one year. 
The Mobile Diagnostics Lab that was developed in Year 5 has already pulled in many new potential collaborations 
across campus and with industry. The challenge is that it will not be fully operational until summer 2016, so the team is 
already looking for new funding opportunities. 
The energy modeling workshop was delayed until late in Year 5; it was merged with the commissioning train-the-trainer 
program in collaboration with the Iowa Energy Center, and held May 9-13, 2016 
(http://register.extension.iastate.edu/becx). 
Changes that have a significant impact on expenditures 
Iowa NSF EPSCoR continues to show spending levels and cost sharing that reflects budgeted levels. As of April 30, 
2016, 75% of the current year's budget and 87% of the cumulative budget have been obligated. The spending plans 
through the summer of 2016 show that 97% of the cumulative budget will be spent by August 31, 2016. The carry 
forward into the no-cost extension year (all institutions) is planned to be $441, 158, which is 11% of the current year's 
budget and 2.2% of the cumulative budget. 
As of April 30, 2016, $4,413, 106 in cumulative cost share has been reported from the three Regent universities. The 
Iowa Economic Development Authority (IEDA) is also providing $2M in cost-5hare through the life of the project, and it 
is specifically identified for equipment purchases. To date, $1,835,843 of these funds have been expended. It is 
expected that by the end of August 2016, another $164, 157 of IEDA funds and $567, 727 from the Regent universities 
will be documented as cost share. Thus the expected cumulative cost share through year 5 (all sources) is expected to 
be $6,980,833. No cost sharing is expected to occur in the no-cost extension period. 
Delays in returning to the field site of the second 120 m tall tower after the tragic accident that caused a construction 
worker fatality slowed progress and may have damaged some of the tower equipment. The delays in tower 
construction will extend the lease agreements through the duration of the project. Proposals were submitted for funding 
the outdoor laboratory beyond the Year 5 of Iowa NSF EPSCoR. However, the team has experienced additional timing 
delays by the requesting agencies for instrumentation, which jeopardize bridge funding needs between the end of the 
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Iowa NSF EPSCoR project and the foundational science collaborative proposal submitted to NSF. 
Because of tall tower construction delays, the primary focus during the no-cost extension (NCE) period will be on tall 
tower data acquisition, trouble-shooting, and presentation. Since the towers are only now being commissioned, their 
use before the original project end date is limited. The NCE period will allow for more than one year of continuous data 
acquisition and monitoring. The annual tower maintenance and support fees will also be covered by the Iowa NSF 
EPSCoR budget during the NCE period. Funds for three additional years (at a minimum) of tall tower operation (Sept. 
1, 2017-Aug. 31, 2020) have been secured through ISU. 
Some broader impact activities and thrusts were piloted during Year 5, such as the ISU Grants Hub Bl focus and a 
new Bl graduate course (ME 605x: Broader Impacts of Engineering on Society). These and a small subset of other Bl 
activities will be continued during the no-cost extension period and their effectiveness assessed. 
The Iowa Economic Development Authority (IEDA) provides Iowa NSF EPSCoR with $2M in cash cost share. IEDA 
has approved spending of the balance of their remaining cost share this year, based on a spending plan submitted to 
them on April 1, 2016. Quarterly status reports will continue to be submitted until the Iowa NSF EPSCoR project is 
closed and final expenditures posted to satisfy the requirement that for every $1 of NSF funds that are spent, 10 cents 
of IEDA funds can be spent, and confirm that all NSF funds have been spent. 
Significant changes in use or cant of human subjects 
The IRB approval for the Interlock House human subject study has been modified during Year 5 to reflect changes in 
the operating system and to respond to user behavior patterns. 
Significant changes in use or care of vertebrate animals 
Nothing to report. 
Significant changes in use or care of biohazards 
Nothing to report. 
Special Requirements 
Responses to any special reporting requirements specified in the award tenns and conditions, as 
well as any award specific reporting requirements. 
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Appendix A – Accomplishments: Section 2a and 2b 
 
This appendix provides supplemental information to complement the text-based report for the 
Iowa NSF EPSCoR project and focuses on additional material for “Section 1 – 
Accomplishments”. Each section provides extra information and is organized by platform 
(BioEnergy, Wind Energy, Energy Utilization, Energy Policy, and Broader Impacts). A platform 
will not be included in a section if additional information is not needed. Note that many 
Broader Impact (BI) activities were completed with and by research faculty through the 
research platforms. Examples described below include summer undergraduate research 
internships and faculty development workshops, respectively. Other BI activities were held for a 
larger audience or targeted groups that may or may not be directly aligned with a specific 
research platform. In all cases, the BI accomplishments in specific sections are highlighted in a 
separate “Broader Impacts” sub-section; their integration with research platforms will be 
emphasized when possible.  
 
A note on the numbering convention: 
The section numbers below correspond to the section and question number found on 
Research.gov for which additional information is provided and may appear to miss a 
consecutive number. For example, section 1.1 would correspond to section 1 
“Accomplishments,” question 1 “What are the major goals of the project?” of the annual 
report. Additional information is not provided for this question so there is no section 1.1 in this 
document. Figure and table numbers follow the same convention. For example, Table 1.2c.4 
would be the fourth table that provides additional information to section 1, question 2c 
(Accomplishments: Significant Results). 
 
1.2a Accomplishments: Major Activities 
This section provides additional information related to major activities that were completed to 
address the goals of this project. 
 
BioEnergy (BE) Platform: BioEnergy Agriculture Plank 
The Agriculture Plank built a team of faculty, postdoctoral associates, graduate and 
undergraduate students, and technicians with diverse background, training, and skill who have 
a common research interest in sustainable bioenergy production systems. As part of this 
activity, the plank built infrastructure capable of quantifying the impact of bioenergy 
production systems on various sustainability metrics, which range from molecular to regional 
scales. Specifically, three Bioenergy Agro-Ecosystem Research (BAER) sites located near the 
three Iowa Regent Universities were established. The BAER sites include: (i) the Clear Creek 
BAER Site near the University of Iowa (UI, Figure 1.2a.1a), (ii) the Big Creek BAER Site near Iowa 
State University (ISU, Figure 1.2a.1b), and (iii) the Cedar River Natural Resource Area BAER Site 
near the University of Northern Iowa (UNI, Figure 1.2a.1c). These sites integrate multiple field 
plot studies to investigate diverse bioenergy cropping systems with hydrological assessments at 
the watershed scale and remote sensing via an aircraft-mounted hyperspectral camera. For 
example, watershed hydrology is being monitored with multiple stream gages, wells, and 
weather stations. The hydrology data are gathered, archived, and posted real-time on the web 
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in collaboration with the Iowa Flood Information System 
(http://ifis.iowafloodcenter.org/ifis/main/?v=b). Biodiversity among different biomass cropping 
systems is also being assessed. 
 
(a)  
(b)          (c)  
Figure 1.2a.1: (a) Clear Creek BAER site near the University of Iowa, (b) the Big Creek BAER 
site near Iowa State University, and (c) the Cedar River Natural Resource Area 
BAER Site near the University of Northern Iowa. 
 
Iowa NSF EPSCoR provided funding to (i) purchase a large amount of field monitoring and 
laboratory analytical equipment in support of the bioenergy agroecosystem research, (ii) 
support technicians and students working on the research, and (iii) support travel to 
professional meetings and publications costs. For example, a dual hyperspectral system that 
provides statewide aerial 2 nm spectral resolution VIS/NIR/SWIR remote sensing capabilities 
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was purchased as part of the Iowa NSF EPSCoR project. Tools for digital geoorthorectification of 
the remotely sensed hyperspectral data have been developed and a large data base storage 
system has been established. Year 5 activities in this area included (i) the integration of 
hyperspectral image acquisition in Iowa NSF EPSCoR relevant projects, (ii) the acquisition of 
multiple site data including relevant field samples, (iii) the verification of processing procedures 
and production of actionable data, (iv) the completion of image processing and data analysis, 
and (v) the drafting of relevant publications. Seven separate sites were imaged eight times at 
the field to sub-basin level. Data processing for all sites are currently being completed and 
initial publications are in review. 
 
The Long-term Assessment of Miscanthus Productivity and Sustainability (LAMPS) project was 
expanded during Year 5, bringing the project collaborator team to 14 members (Figure 1.2a.2). 
LAMPS is a multi-location Miscanthus trial motivated by EPSCOR-supported work, enabled by 
EPSCOR personnel and equipment funding, led by Dr. Emily Heaton and enhanced by the 
expertise brought with the hire of Dr. Andy VanLoocke. The trial is being completed in close 
collaboration with the University of Iowa (UI) and supports UI’s transition from coal to biomass 
for heat and power. In total, LAMPS provides novel, expanded capacity to assess ecosystem 
impacts of perennial energy crops from the field to the regional scale. 
 
 
Figure 1.2a.2: LAMPS is a Miscanthus N × stand age chronosequence (n=4) experiment with 
locations that span a range of environment and management conditions 
enabling robust parameterization and validation of ecosystem models. 
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A major component of the current efforts in LAMPS is to collect field data to parameterize and 
fill information gaps in multiple agroecosystem/land use models. Spatial analysis is also being 
conducted to identify unprofitable Iowa cropland suitable for the transition to energy crops, 
and publishing where these region are located (Figure 1.2a.3). Finally, the LAMPS team is 
initiating the analysis of biogeochemical impacts of planting switchgrass in those areas 
identified as unprofitable areas. 
 
 
Figure 1.2a.3: Subfield cropland profitability analysis identified viable targets for energy 
crops. 
 
BioEnergy (BE) Platform: BioEnergy Logistics and Conversion Plank 
Four thermochemical processing pilot plants have been completed (either upgraded or 
installed) as part of the research activities of the Conversion Plank. Three pilot plants are 
located at ISU’s BioCentury Research Farm and the fourth is located at UI. Details on the ISU 
pilot plants include: 
1. A light tar scrubbing system has been designed, constructed, and installed in 
conjunction with an existing gasification pilot plant (Figure 1.2a.4a).  
2. The biomass pyrolyzer pilot plant was renovated and upgraded and is operational with 
new capabilities for recovering bio-oil fractions and monitoring thermal loads on the 
reactor (Figure 1.2a.4b). 
3. The solvent liquefaction pilot plant is a brand new pilot plant at the BioCentury Research 
Farm (Figure 1.2a.4c).  
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(a)      (b)  
(c)  
Figure 1.2a.4: (a) Light tar scrubber, (b) fast pyrolysis plant with fractionating recovery of bio-
oil, and (c) solvent liquefaction pilot plant. 
 
An ISU faculty member in the Conversion Plank (Dr. Terry Meyer) accepted a full professor 
faculty position at Purdue University. Assistant Professor James Michael, previously a post-doc 
in Meyer’s lab and Iowa NSF EPSCoR participant, replaced Meyer on the project. Existing Iowa 
NSF EPSCoR equipment was provided to Michael and limited Iowa NSF EPSCoR funds were used 
to support some additional equipment needs. With this equipment, Michael has been able to: 
1. Develop optically accessible thermal biomass conversion rigs capable of simulating the 
high heating rate thermal environments typical of biomass pyrolysis processes. 
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2. Develop techniques for optical and spectroscopic interrogation of intermediate and 
product chemical species. These techniques should be capable of determining the 
physical phase during dynamic processes and are necessary to inform physical transport 
and kinetic mechanism in biomass conversion to feedstock intermediates. 
3. Develop a chemically selective experimental facility integrated with thermal reactors 
capable of gas phase and condensed phase constituent measurements. 
 
Dr. Al Ratner completed testing with his Brazilian collaborators and provided data for 
computational modeling of the chemical processes for both seed corn and Miscanthus based 
fuel. Miscanthus pellet testing is on-going and these results will be integrated into a broader 
model. He will also host 2 to 3 underrepresented minority students in his lab for summer 2016. 
He and a graduate student also presented to 180 7th and 8th graders in November 2015 at a 
STEM outreach event in Eastern Iowa. 
 
 
Wind Energy (WE) Platform: Wind Energy Resource Characterization Plank 
A major effort during the past year was focused on the construction of the two 120 m towers 
for atmospheric boundary layer measurements within and outside an operating wind farm. 
Land for the two towers is now under university lease, one in Story County and one in Hamilton 
County. The construction bid for assembling the two 120-m towers was awarded in early June 
2015 and construction began in late July 2015. Roads have been installed to the tower locations 
and power has been routed to the site. The first order for tower-based sensors arrived in early 
summer 2015, the second order was placed in August 2015, and sensors arrived by early 
October 2015. Final tower layout plans and construction diagrams were approved for tower 
components in late October 2015. The first of the two towers was fully erected with all sensors 
mounted to the tower in late January 2016. Final instrumentation and wiring checks are 
expected to be completed in late spring or early summer 2016. The second tower was fully 
erected in the second week of February 2016 and instrumentation mounting and wiring will be 
completed sometime before summer 2016. Instrument sheds have been installed at both sites, 
and data loggers have been installed in the sheds. Wireless communication has been 
established to both sites, and data samples from tower-based instruments at the Story County 
site have been transmitted to the ISU campus. The database server and web server for 
collection and transmission of data from the two towers were configured in late fall 2015 to 
early spring 2016, and are located in the Durham Center on the ISU campus. In early March 
2016, the first tower began sending 20 Hz and 1 Hz data to the servers on the ISU campus. 
Advances in database security and web access will be forthcoming through summer 2016. 
Infrared and hyperspectral cameras to monitor crop and environmental conditions surrounding 
the tower will be installed on the second tower at the completion of tower construction.  
 
Additional data were collected and analyzed to support the purchase of a hyperspectral 
camera. The SOC 710-VP has been purchased, and will be deployed this summer.   
 
Model development has been completed to introduce and refine multiseasonal macroscale 
empirically-driven land cover sensitive wind resource characterization for Iowa with the explicit 
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consideration of surface roughness effects (corn vs soybean fields). A framework has also been 
developed for implementing a web component of a Wind Energy Decision Support System 
(WEDSS), which will go live this summer.  
 
An Iowa NSF EPSCoR UI-ISU-UNI seed grant involving faculty from the BioEnergy Agriculture and 
Wind Energy Resource Characterization planks to enhance collaboration among the three 
institutions has also been completed. The seed grant was to study airborne hyperspectral 
imaging of a Story County Wind Farm and field measurements and remotely sensed data were 
gathered over the summer. 
 
Wind Energy (WE) Platform: Blade Performance and Reliability Plank 
A major goal of this plank was to develop efficient, accurate, and fast computational tools to 
simulate the complex physics in a wind farm. Challenges relating to turbine-wake interference, 
terrain interference, interaction between multiple turbines, turbine yaw effects, and unsteady 
blade loads are being studied. A family of more efficient and faster algorithms have been 
developed for the simulation of unsteady wind farm flows. The effect of complex terrain has 
been incorporated into the wind-farm simulation capabilities.   
 
In support of the major goal of understanding the physics governing dynamic stall on wind 
turbines, fundamental studies have continued in the newly (last summer) completed UI wind 
tunnel utilizing canonical geometries undergoing prescribed unsteady oscillations.  
 
In support of the major goal of understanding the nature of wake interactions, the scale model 
wind turbine rotor performance has been characterized with modifications to blade geometry 
in order to account for scaling effects. Ultimately, a scaled wind tunnel modeling of wind 
turbine wake interactions will be tested. 
 
Wind Energy (WE) Platform: Drivetrain Design Optimization Plank 
The deterministic design optimization (DDO) and reliability based design optimization (RBDO) 
procedures involving tip relief optimization of wind turbine drivetrains were further developed 
in Year 5. DDO was successfully carried out using the averaged wind load PDF to minimize the 
gear weight (cost) while satisfying the 20-year fatigue life. The reliability analysis using the DDO 
optimum design indicated that probability of failure is 50.5%. 
 
RBDO of a 5-MW wind turbine blade considering wind load uncertainty and manufacturing 
uncertainty has been successfully carried out and the obtained RBDO optimum design satisfies 
a 20-year fatigue lifespan with a target reliability of 97.7%. 
 
Surface modification of wind turbine metal components by the laser peening process without 
using a sacrificial layer has been analyzed using various surface characterization tools. The joint 
integrity of turbine thin layers of malleable metals via ultrasonic welding was evaluated in 
terms of the mechanical properties and microstructures. Multiscale modeling and simulation 
tools were developed and implemented to study wind turbine bearing failure. 
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Wind Energy (WE) Platform: Green Energy Grids Plank 
The overall goal of this plank was to develop mathematical models, algorithms, and policies for 
robust design and operation of renewable energy supply chains under various types of 
uncertainties, including weather uncertainties, demand uncertainties, and equipment failures. 
During the past year, convex relaxation of optimal power flow problems over radial networks 
was implemented. A simulation-based optimization method for network reliability optimization 
was also developed. 
 
 
Energy Utilization (EU) Platform: Green Community Campaign Plank 
The community intervention to improve energy utilization was completed in the two test 
communities in previous years. Data analysis and dissemination continued as the primary 
project activities during Year 5. Minority interns are being sought to complete the final two 
interns in the summer 2016 minority internship program at UNI Center for Social and 
Behavioral Research (CSBR).   
 
Primary data analyses were completed and overall implications of the intervention were 
reviewed. Summary findings were reported at the annual meeting and at the Behavior, Energy, 
and Climate Change (BECC) conference in October 2015. Assistant Professor Nicholas Schwab is 
leading work on manuscripts for research publications, which are in development with plank 
co-director, Dr. Mary Losch. Proposals for future funding have also been drafted by Schwab and 
will be completed in the coming months. 
 
Energy Utilization (EU) Platform: Building Science Plank 
By the end of Year 5, four community field laboratories for building energy efficiency 
performance research will be operating to study energy utilization in existing building 
structures and construction processes with outreach to K-12 STEM education projects. As a final 
milestone, multiple calibrated design models and simulations have been completed and related 
scholarship is either published, pending, or in preparation for publication. 
 
Interlock House:   
The Interlock House is now in its third consecutive year acting as a fully operational community 
laboratory for energy efficiency research. In June 2015, the team started the official year of 
monitoring to achieve one year with zero-net energy consumption. The Iowa NSF EPSCOR 
funded data acquisition system (DAS) is now directly connected via relay controllers to the 
controls of the active HVAC systems of the house, which can now be controlled by the 
occupants and researchers via an online control dashboard. This led to several new research 
opportunities as will be discussed in more detail below. 
 
Mobile building science diagnostics lab:   
A case study survey for currently existing mobile diagnostics labs was established and research 
outlines were developed based on identified gaps and research questions derived from 
previous Iowa NSF EPSCOR studies with the Interlock House. 
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The Mobile Diagnostic Lab (MDL) that is being designed for this project is specified to be 
versatile for different building energy research applications and managed by ISU’s Center for 
Building Energy Research (CBER). The MDL is composed of an 8’(W)x10’(L)x9’(H) experimental 
cabin and an attached mechanical room on a 19’ long trailer with air suspension. A schematic of 
the MDL is shown in Figure 1.2a.5. The MDL envelope is built to be airtight. A portion of the 
wall section material is interchangeable. It houses a programmable HVAC system, an angle-
adjustable PV power system, a backup propane generator, and an expandable data acquisition 
system (DAS). The DAS can collect data at different frequencies with multiple sensors 
connected and provide live data with remote access. Currently, about 250 measurement points 
are wired into the MDL including: a complete weather station, interior air temperature and 
humidity, surface temperature and heat flux inside and outside the experimental cabin, power 
generation, and gas consumption. The research capacities of the MDL include, but are not 
limited to: diverse heat transfer paths through different building materials, heat transfer 
between the building surface and surrounding microclimate, PV power system efficiency, 
baseline energy consumption for different climates, and a CFD model for natural ventilation 
and passive heating. 
 
 
Figure 1.2a.5: Rendering of mobile diagnostics lab. 
 
Mobile weather station:   
In order to continue the building science work in urban areas near a building environment, a 
mobile weather station was designed, assembled, and tested in fall and winter 2015-16. 
Because gathering weather data is an important component of building energy efficiency 
research, the Center for Building Energy Research (CBER) at ISU is already equipped with one 
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mobile weather station based on a Campbell Scientific data logger (CR 1000). The choice of 
materials and methods used for building a new structure, as well as the geographical climate 
(microclimate), affect the energy consumption of a building. Most “smart” buildings nowadays 
have a stationary weather station built in. However, the mobile weather station built during the 
past year can be used to gather climate data in older buildings in rural and urban environments 
(i.e., situations where a permanent weather station is not a cost- or space-effective solution).  
 
The purpose of the mobile weather station is to collect data on temperature, relative-humidity, 
wind speed and direction, atmospheric pressure, solar radiation, and visible light. It collects 
weather measurements at a pedestrian level in an urban environment, but can extend to 10 
meters (33 feet) so that it can be used to establish the standard wind profile comparable to 
standard weather stations. A schematic of the tower in shown in Figure 1.2a.6. The actual 
tower meets the following safety, mobility, and cost requirements: it is able to withstand 80 
mph wind gusts and it can be easily transported, stored on site, and taken apart for storage. 
The mobile weather station is composed of three main components: a base that measures 4 
feet by 4 feet; a tower that comes in 3 sections of 11 feet each; and a group of research grade 
sensors. The mobile weather station, at 11 feet, can be installed and taken apart by one person 
(Figure 1.2a.7). Three people are required to install the mobile weather station at 10 meters (33 
feet). This weather station will be the template for additional weather stations requested in 
proposals currently pending. 
 
Figure 1.2a.6: Mobile weather station design schematic. 
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Figure 1.2a.7: Mobile weather station assembled to 11 feet by one person. 
Traveling energy displays:   
A traveling “Imagine Energy Traveler” (IET) trailer display highlighting various energy efficient 
building systems was developed in 2014 (Figure 1.2a.8). A memorandum of understanding has 
been signed between UI and the Iowa Renewable Energy Association for the long-term 
utilization of the IET.  
 
 
Figure 1.2a.8: The Imagine Energy Traveler (IET) trailer. 
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A proposal was submitted (and awarded) to develop a renewable energy exhibit for the UI 
Mobile Museum. The UI Mobile Museum launched in 2014 as a partnership between the UI 
Office of the Vice President for Research and Economic Development and two of its reporting 
units, the Office of the State Archaeologist and the Pentacrest Museums, with the mission of 
bringing exhibits with cutting-edge research, one-of-a-kind artifacts, and interactive digital 
media to Iowa’s communities. For the 2016 season, the Mobile Museum includes a “Hawkeye 
Power” exhibit, showcasing clean energy research by a variety of UI departments to improve 
energy efficiency in homes and workplaces, and examines the UI’s efforts to make Iowa a 
leader in alternative energy sources. Figure 1.2a.9 shows the outside of the Mobile Museum 
and that “Hawkeye Power” is one of three exhibits within the museum. 
 
 
Figure 1.2a.9: University of Iowa’s Mobile Museum showing the advertisement of the 
“Hawkeye Power” display. 
 
Field-based small town Iowa residential building energy loss study:   
Thermography imaging pictures of residential buildings in the selected town (Sumner, IA) at 
street level were taken as a development, collection, and analysis of baseline data. The 
research team took images from more than 50 residential buildings from all 4 sides of the 
building to identify whether the number of openings and/or orientation of the building has an 
impact on energy efficiency. The utility company that provides utility services for the town was 
contacted to retrieve utility usage reports for the selected buildings. However, the type of data 
for individual users are considered proprietary and were not released to the research team. 
Currently, selection of factors affecting energy efficiency are being executed as a development 
of evaluation strategies for energy efficiency and building operation. 
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Capacity building: “Iowa’s New School Buildings: A Future Invested in Sustainability”:   
A seed grant was original awarded to Assistant Professor Andrea Wheeler at ISU in Year 3 to 
develop this energy utilization activity. Additional funds were provided in Years 4 and 5. The 
project has strengthened Wheeler’s scholarly agenda, and she has developed into a critic of 
sustainable design and a scholar in eco-feminist theory and approaches to inclusion, particularly 
as it applies to sustainable architecture. Many of the original goals of the seed grant have been 
refined and adapted in connection to, and collaboration with, the many people that Wheeler 
has encountered in her Iowa NSF EPSCoR-related activities. Based in her research, she will 
submit a book proposal during summer 2016. She has also submitted a proposal entitled 
“Linking Cultural Identity and High Energy Performance in the Built Environment” (CIHEP, 
submitted to the Research Council of Norway), and will continue to present her Iowa NSF 
EPSCoR activities at conferences. 
 
 
Energy Policy (EP) Platform 
In Year 5, the EP seminars and workshops continued for faculty, postdocs, and graduate 
students working at the interface between economics and engineering within the jurisdiction. 
Three seed grants were provided to current (Dr. Alicia Rosburg at UNI) and new (Drs. Ivan Rudik 
and Gabriel Lade at ISU) EP faculty to expand the EP activities. 
 
Policy outreach efforts included the publishing of three policy briefing papers. One reported on 
preliminary estimates of land use change across the world in response to high international 
commodity prices. The other reported on the extent to which the Environmental Protection 
Agency (EPA) could feasibly increase ethanol mandates. Both have been cited in ongoing policy 
debates concerning the Renewable Fuels Standard. 
 
The graduate courses in energy policy continue to be successful. BRT 515 – Biorenewables Law 
and Policy enrolled 14 on-campus and 5 off-campus students in fall 2015, while BRT 516 – 
International Biorenewables Law and Policy enrolled 8 on-campus and 2 off-campus students in 
spring 2016. 
 
In addition to the annual activities, the Energy Policy Platform collaborated across the 
jurisdiction to sponsor two activities with the Public Policy Center at UI. 
1. STEM Education Equity: Policies to Create Opportunities in Rural Iowa.  
This symposium, which was held on October 19, 2015 brought together national and 
state experts. The symposium presented an overview of STEM in Iowa, as well as 
innovations in rural areas across the country; examined STEM equity needs of 
disadvantaged students in rural areas; and discussed next generation science standards, 
school business partnerships, diversity in the STEM pipeline, and legislative 
perspectives. 
2. Iowa’s Drinking Water: Could Flint Happen Here? 
This symposium will be held in Des Moines, IA on June 17. It will explore the current 
state of Iowa’s drinking water and the future challenges confronting water providers in 
the state to reliably deliver safe drinking water to Iowans. Co-organized by the UI Public 
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Policy Center and the Center for Health Effects of Environmental Contamination 
(CHEEC), this all day event will include panels of water experts from academia, industry, 
and the public sector including the Iowa Department of Natural Resources (DNR). 
 
 
Broader Impacts (BI) Platform: Faculty Development Plank 
The majority of the faculty development activities conducted during Year 5 can be broadly 
grouped into the following categories: 
1. A variety of programs for faculty, postdoctoral fellows, and graduate students have 
been provided to meet needs identified through discussions with leaders in colleges, 
centers, and institutes, as well as research staff and graduate student leaders. In 
general, these programs focused on research planning for new faculty, successful grant 
writing, and identification of resources on campus for collaborative research and invited 
talks (including program managers) to increase awareness of the needs of funding 
agencies. All programs were typically open to faculty, staff, and students at all three 
Regent Universities through the BI leaders on the campuses. Several of the programs 
offered were through cost sharing to enhance the impact of existing programs at the 
institutions. Table 1.2a.1 provides a listing of the specific development programs during 
Year 5. 
2. The newly established “Grants Hub” in the Office for the Vice President for Research at 
ISU continues to act as a central unit that provides a broad range of services to help 
faculty obtain and manage external funding for all faculty and especially new faculty. 
One of the unique aspects of the Grants Hub is the use of a BI checklist to help faculty 
plan and develop a cogent BI plan in line with their personal interests and needs in their 
disciplinary area. The Grants Hub is an example of the activities aimed at sustaining the 
successes gained through the Iowa NSF EPSCoR grant. 
3. Seed grants have been supported that continue to build and increase research capacity 
and engagement of external funding agencies, with a specific focus on workforce 
development and success of under-represented groups in graduate school. Table 1.2a.2 
summarizes Year 5 BI seed grants. 
 
Table 1.2a.1: Faculty development programs during project Year 5 that were fully or partially 
supported by the Iowa NSF EPSCoR project.  
Insti 
tution Program Date(s) Location Facilitator(s) Comments 
ISU New Faculty Orientation 9/3/2015 
ISU, 
Ames, IA 
A. Harris-Tehan, 
ISU VPR Office  
Orientation on research services with 
emphasis on identifying funding 
opportunities using various tools.  96 new 
faculty participated. 
ISU 
Finding 
Funding 
Opportunities 
Using Pivot  
9/10/2015 ISU, Ames, IA 
A. Harris-Tehan, 
ISU VPR Office & 
S. Shipitalo, ISU 
Grants Hub 
Presentation designed to teach 
researchers how to use the COS Pivot 
searchable database in strategic ways to 
broaden their funding portfolios and 
increase interdisciplinary participation.  42 
faculty and staff participated. 
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ISU 
Grant-writing 
Tips Brown 
Bag Lunch  
9/23/2015 ISU, Ames, IA 
A. Harris-Tehan, 
ISU VPR Office; 
M. Gallagher & 
A. Russell, ISU 
Grants Hub 
Presentation covered tips for improving 
proposal writing. 52 faculty and staff 
attended. 
ISU 
Unconscious 
Bias Training 
for CBiRC 
Researchers 
10/13/2015 ISU, Ames, IA 
S. Sundararajan, 
ISU 
Presentation to improve peer peer 
interactions especially with members 
from underrepresented groups. 
ISU 
Engaging 
persons with 
disabilities - 
An Overview 
of Universal 
Design for 
Learning in 
Higher Ed 
10/19/2015 ISU, Ames, IA 
Center for 
Excellence in 
Learning and 
Teaching, ISU 
First of a three-part series: Overview of 
current status of universal design in 
higher education, as well as legal issues 
associated with accessibility, and the 
student disability resources available at 
ISU. 12 faculty attended. 
ISU Budget Development  10/20/2015 
ISU, 
Ames, IA 
M. Peterson, 
ISU Grants Hub 
Hands-on budget development session 
explored the fundamentals of building a 
budget. 24 faculty and staff participated. 
ISU 
Engaging 
Persons with 
Disabilities: 
Research 
Efforts and 
Opportunities 
at ISU 
10/27/2015 ISU, Ames, IA 
Center for 
Excellence in 
Learning and 
Teaching, ISU 
Workshop on funding programs, research 
efforts and best practices in education 
and outreach to engage with students 
with disabilities. 25 faculty attended. 
ISU 
Visiting 
Congress and 
Federal 
Agencies  
11/12/2015 ISU, Ames, IA 
A. Harris-Tehan, 
ISU VPR Office, 
Van Scoyoc 
Associates and 
The 
Implementation 
Group 
Overview of the legislative and 
appropriations process, providing tips on 
the culture of working with various 
federal agencies.  42 faculty and staff 
attended. 
ISU 
Diversity and 
Inclusivity 
lecture: 
'Building an 
inclusive 
environment: 
the role of 
social 
contextual 
factors' 
11/13/2015 ISU, Ames, IA 
D. Saenz, 
Arizona State 
University 
Second of a three-part series:  Overview 
of factors identified in literature on 
reasons participation of women and 
people of color in STEM disciplines have 
remained relatively minimal, and possible 
interventions. 47 faculty and staff 
attended. 
ISU 
Engaging 
persons with 
disabilities - 
Incorporating 
Universal 
Design in 
Your 
Classroom: 
Case Studies, 
Tools, and 
Techniques 
11/17/2015 ISU, Ames, IA 
Center for 
Excellence in 
Learning and 
Teaching, ISU 
Third of a three-part series: Best practices 
for implementation universal design to 
engage persons with disabilities. 23 
faculty attended. 
ISU Managing Your Award  2/1/2016 
ISU, 
Ames, IA 
A. Harris-Tehan, 
ISU VPR Office. 
Workshop discussed basic principles of all 
aspects of award management. 42 faculty 
and staff attended. 
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ISU 
NEH Regional 
Application 
Workshop  
2/22/2016-
2/23/2016 
ISU, 
Ames, IA 
A. Harris-Tehan, 
ISU VPR Office; 
D. Sack, NEH Sr. 
Program Officer; 
H. Plucar, 
Humanities IA 
Grants & 
Finance Director 
Half-day workshop provided an overview 
of the National Endowment for the 
Humanities programs and special 
initiatives, a session devoted to strategies 
for winning competitive applications and 
understanding the review process. 100 
faculty and staff from x Midwest states 
attended. 
ISU 
Building an 
Interdisciplina
ry Research 
Team 
(Colloquium)  
2/29/2016 ISU, Ames, IA 
S. Fiori, 
University of 
Central Florida 
Colloquium intended to help participants 
understand issues they need to prepare 
and plan for as they build collaborative, 
transdisciplinary teams.  22 faculty and 
staff attended. 
ISU 
Building an 
Interdisciplina
ry Research 
Team (Team 
Workshops) 
3/1/2016 ISU, Ames, IA 
S. Fiori, 
University of 
Central Florida 
Workshop for existing interdisciplinary 
research teams at ISU to come together as 
team members to discuss topics that arise 
around the “team” part of their research.  
40 faculty and staff comprising 13 teams 
attended. 
ISU 
Grant Writing 
Workshop - 
Early Career 
Foundation 
Research 
Awards  
3/7/2016 ISU, Ames, IA 
D. Van Pelt, 
ISUF; A. Harris-
Tehan, ISU VPR 
Office 
This panel presentation by previous ISU 
Foundation award recipients provided tips 
and information on how to apply for and 
manage foundation awards. 33 faculty 
and staff attended. 
ISU 
Grant Writing 
Workshop - 
NSF CAREER 
Grants  
3/29/2016 ISU, Ames, IA 
A. Harris-Tehan, 
ISU VPR Office 
Panel included recent CAREER Grant 
awardees sharing experiences in proposal 
development including broader impacts, 
evaluation, and other requirements. 35 
faculty and staff attended. 
ISU 
Broader 
Impacts 
Workshop 
4/12/2016 ISU, Ames, IA 
A. Harris-Tehan, 
ISU VPR Office, 
D. Rover, ISU 
Workshop addressed best practices in 
incorporating broader impacts into 
research proposals, finding resources and 
program partners on campus, and gave 
NSF perspective on the importance of 
broader impacts. 47 faculty and staff 
attended. 
UI 
Medtech 
Innovation 
eXchange 
Business 
Mixer 
9/18/2015 UI, Iowa City, IA 
J. Kauffman, 
Director of 
Startups, UI 
This Medtech Innovation eXchange 
program aims to connect clinicians, 
scientists, business professionals and 
investors interested in entrepreneurship 
in the Midwest. 50 participants. 
UI 
Creative 
Matters 
Lecture by 
NEH 
Chairman 
William "Bro" 
Adams: 
Creativity and 
the Common 
Good 
8/27/2015 UI, Iowa City, IA 
W. Adams,  NEH 
Chairman 
Inaugural offering of the Creative Matters 
lecture series, seeking to demonstrate 
that creativity is not only at the core of all 
research and discovery, but also central to 
our human experience. 200 participants. 
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UI 
Creative 
Matters 
Lecture by 
David Lang: 
Music and its 
Secret Powers 
for Good and 
Evil 
9/16/2015 UI, Iowa City, IA 
D. Lang, 
Composer 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 177 participants. 
UI 
Creative 
Matters 
Lecture by 
Sunil Iyengar: 
Measuring 
the U.S. 
Creative 
Economy 
9/21/2015 
Iowa City 
Public 
Library, IA 
S. Iyengar, NEA 
Director of the 
Office of 
Research & 
Analysis 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 43 participants. 
UI 
Creative 
Matters 
Lecture by 
Etgar Keret: 
The Seven 
Good Years 
10/22/2015 UI, Iowa City, IA E. Keret, Author 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 100 participants. 
UI 
Ideas & 
Intersections 
Dinner -  
Polls, Politics, 
and 
Paparazzi: 
Inside Iowa's 
Caucus 
Season 
11/3/2015 UI, Iowa City, IA 
Dan Reed, UI 
VPR 
Sponsored twice annually.  These events 
are designed to be an intellectual hub for 
UI campus, bringing together a diverse 
range of scholars, artists, and activists for 
an evening of discourse and discovery. 65 
participants. 
UI 
Creative 
Matters 
Lecture by 
Theo Jansen: 
Strandbeest - 
The Dream 
Machines 
11/10/2015 UI, Iowa City, IA 
T. Jansen, 
Sculptor 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 415 participants. 
UI 
Creative 
Matters 
Lecture by 
Marilynne 
Robinson: The 
American 
Scholar Now 
12/9/2015 UI, Iowa City, IA 
M. Robinson, 
Professor of 
English & 
Creative Writing 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 650 participants. 
UI 
Creative 
Matters 
Lecture by 
Margaret 
Wertheim: 
The Poetic 
Enchantment
s of Science 
2/11/2016 UI, Iowa City, IA 
M.Wertheim, 
Science Writer 
and Curator 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 310 participants. 
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UI 
Ideas & 
Intersections 
dinner - 
Profiling: 
Race, Reason, 
and Reality 
3/22/2016 UI, Iowa City, IA 
Dan Reed, UI 
VPR 
Sponsored twice annually.  These events 
are designed to be an intellectual hub for 
UI campus, bringing together a diverse 
range of scholars, artists, and activists for 
an evening of discourse and discovery. 65 
participants. 
UI NSF CAREER Workshop 3/24/2016 
UI, Iowa 
City, IA 
A. Ricketts, UI 
VPR Office 
This workshop instructs faculty members 
about applying for an NSF CAREER award. 
It also includes two panels of successful 
CAREER applicants and CAREER reviewers. 
25 participants. 
UI 
Creative 
Matters 
lecture by 
Sarah Lewis: 
The Rise 
4/12/2016 UI, Iowa City, IA 
Sarah Lewis, 
Author 
Part of Creative Matters lecture series, 
seeking to demonstrate that creativity is 
not only at the core of all research and 
discovery, but also central to our human 
experience. 310 participants. 
UNI Pathways to NSF Funding 4/13/2016 
UNI, 
Cedar 
Rapids, IA 
K. Dhanwada, 
UNI VPP office 
Expert panel discussion on strategies and 
approaches to successful external funding 
through the NSF. 35 faculty and staff 
attended.  
UNI 
Summer 
Grant Writing 
Program 
Summer 
2016 
UNI, 
Cedar 
Rapids, IA 
A. Kerttula, NSF; 
K. Dhanwada, 
UNI VPP office 
4 week workshop for up to 8 faculty to 
hone grant writing skills 
 
Table 1.2a.2: Year 5 BI seed grants.  
University Faculty Seed 
Grant Recipient 
Seed Grant Title  Platform 
ISU B. Burt 
Black Male Engineers in Iowa: Identifying Barriers and 
Improving Practices to Broaden Participation in Colleges of 
Engineering 
Broader 
Impacts: 
Diversity 
ISU S. Chopra Study of the Efficacy of Industry Engagement in Undergraduate Engineering and Technology Curricula 
Broader 
Impacts: 
Workforce 
Development 
ISU A. Wheeler Design of High Efficiency and Low Carbon Schools in Iowa. Energy Utilization 
ISU Gabriel Lade Pass-Through and Market Structure: Evidence from the Renewable Fuel Standard Energy Policy 
ISU Ivan Rudik Estimating the Causal Effect of Local Energy Policies on Human Health Energy Policy 
UNI  Alicia Rosburg Farmer Risk Perceptions as They Pertain to Biomass Supply Decisions Energy Policy 
UNI  Susan Salterberg Helping Students Reduce Energy Consumption 
Broader 
Impacts: 
Faculty 
Development 
UNI  Carole Yates Expanding the Reclaim Your Holidays Project 
Broader 
Impacts: 
Faculty 
Development 
 
Broader Impacts (BI) Platform: Diversity Plank  
This year, the major effort of the Diversity Plank has been to continue to focus on sustainable 
infrastructure, enhancing diverse participants in undergraduate research and K-12 engagement, 
as well as affect cultural change in faculty search practices to positively impact diversity of 
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future search pools. These efforts were achieved through collaboration with key programs that 
serve women and URM communities, and through securing funding for broadening 
participation. Key Year 5 activities include: 
• Continued collaboration with programs such as the Louis Stokes Alliance Minority 
Program (LSAMP) to engage under-represented groups, including community college 
students, in undergraduate research. 
• Continued efforts to improve diversity of the graduate student body through (i) the 
activities of the UI Sloan University Center for Exemplary Mentoring (UCEM) Award at UI 
and (ii) the continuing seed grant to Assistant Professor Brian Burt at ISU to identify 
factors contributing to success of the graduate school experiences of African American 
students in STEM fields in Iowa. 
• Continued efforts to positively impact the diversity and inclusivity in the faculty bodies 
through mid-career faculty focused workshops at ISU, the Women in STEM support 
group at UNI, Institutionalization of ISU ADVANCE evidence-based best practices for 
faculty recruitment and retention at UI and UNI, and continued programming under the 
NCBI Leadership in Equity and Inclusion training at UI and UNI. 
• Educating faculty and staff at ISU via a series of workshops on opportunities to engage 
persons with disabilities through research, educational, and outreach programs. 
• Providing a range of K-12 activities focused on engaging girls and URM students in STEM 
topics through directly funded programs (e.g., camps such as Meskwaki Nation summer 
camps, Black Girls Do Science, all girl summer camps such as Expanding Your Horizons, 
Robotics for Girls, and others) and through expanded collaboration with other programs 
such as Upward Bound, LSAMP, Women in Science and Engineering (WISE), local 
business partners, etc. UNI is offering for the first time a camp targeted towards 
students with hearing/speech and learning disabilities. 
• Recognizing and rewarding faculty who have made outstanding contributions to 
diversity mentoring through the fourth round of Iowa NSF EPSCoR BI awards. 
 
A complete list of diversity activities performed during Year 5 is provided in Table 1.2a.3. 
 
Table 1.2a.3: Diversity-focused events and programs in Year 5. 
Event Date(s) Location Facilitators Comments 
MESA Tutoring Fall 
2015 
9/22/2015-
12/8/2015 Iowa City T. Peterson, UI 
Support group for students seeking an 
inclusive community of learning, 
scholarship and service. MESA tutoring 
throughout Fall 2015 for 5th-12th 
graders. 
FIRST Tech Challenge 
(FTC) Challenge 
09/2015-
03/2016 
Various 
towns, Iowa R. Whitaker, UI 
FIRST Tech Challenge (FTC) Robotics 
competition for MS/HS students.  
FIRST Tech Challenge 
(FTC) Professional 
Development  
9/25/2015; 
9/26/2015; 
10/3/2015 
Des Moines, 
IA R. Whitaker, UI 
FIRST Tech Challenge (FTC) 
Professional development for teacher 
coaches. 132 teachers participated. 
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STEM Night Out 9/29/15 
Coralville 
Regional 
Center, IA 
T. Peeples & R. 
Whitaker, UI 
An open event for teachers and STEM 
leaders to discuss STEM opportunities 
and challenges in their environment. 
16 teachers participated. 
Unconscious Bias 
Training for CBiRC 
Researchers 
10/13/2015 ISU, Ames, IA S. Sundararajan, ISU 
Presentation to improve peer peer 
interactions especially with members 
from under-represented groups. 
Engaging persons with 
disabilities - An 
Overview of Universal 
Design for Learning in 
Higher Ed 
10/19/2015 ISU, Ames, IA 
Center for Excellence 
in Learning and 
Teaching, ISU 
First of a three-part series: Overview 
of current status of universal design in 
higher education, as well as legal 
issues associated with accessibility, 
and the student disability resources 
available at ISU. 12 faculty attended. 
Engaging Persons with 
Disabilities: Research 
Efforts and 
Opportunities at ISU 
10/27/2015 ISU, Ames, IA 
Center for Excellence 
in Learning and 
Teaching, ISU 
Workshop on funding programs, 
research efforts and best practices in 
education and outreach to engage 
with students with disabilities. 25 
faculty attended. 
Expanding your 
Horizons 11/14/15 
UNI, Cedar 
Falls, IA 
K. Dhanwada, UNI; 
Cedar Valley Society of 
Women Engineers 
(CVSWE) from John 
Deere Waterloo: B. 
Stewart, G. Rao, A. 
Green, T. Higgins, A. 
Walker 
CVSWE volunteers and UNI 
faculty/staff and students helped to 
facilitate STEM focused workshops for 
5th-8th grade girls in the Waterloo/ 
Cedar Falls area, with female faculty 
and engineers working for community 
business partners (John Deere, Viking 
Pump, Invision Architecture) 
 150 girls participated. 
Noche de Ciencias 12/3/15 UI, Iowa City, IA T. Peterson, UI 
A night of STEM centered activities 
designed to promote knowledge and 
interest in STEM fields among the 
Hispanic community.  
Celebrating Young 
Women in STEM 12/15/15 
Kirkwood 
Linn County 
Regional 
Center, 
Hiawatha, IA 
K. Keeling, Kirkwood 
Community College 
Outreach booth highlighting PLTW 
Classes and engineering careers for 
7th-12th Grade Female Students from 
Multiple Districts. 150 girls 
participated. 
UIowa College of 
Engineering Photonics 
Camp for Girls 
1/22/16 UI, Iowa City, IA C. Lehman, UI 
Photonics and Sustainable Living Camp 
for 4th-6th grade Iowa City girls. 30 
girls participated. 
Hollywood STEAM Day 
at the Movies 1/23/16 
Lincoln 
Elementary 
School, Iowa 
City, IA 
T. Peterson, UI 
STEM Festival with a Hollywood movie 
theme. 28 elementary students  (12 
female, 9 URM) participated. 
I'll Make Me a World In 
Iowa, African-American 
Festival Education Day 
1/29/16 Des Moines, IA T. Peterson, UI 
STEM K-12 Festival emphasizing 
African American culture. 230 students 
participated. 
MESA Tutoring Spring 
2016 
2/9/2016-
5/3/2016 
UI, Iowa 
City, IA T. Peterson, UI 
Weekly STEM tutoring (5-12th graders) 
in Iowa City Community. Support 
group for students seeking an inclusive 
community of learning, scholarship 
and service. 
Workplace Learning 
Connections 
Biomedical Visit 
3/8/16 UI, Iowa City, IA T. Peterson, UI 
K-12 School Visit to UI campus. 14 
students (5 females) participated. 
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Pre- Engineering Spring 
Break Camp 
3/14/2016-
3/18/2016 
U of Iowa 
Kirkwood 
Regional 
Center 
T. Peterson, UI 
Two camps were held for K-1 students 
focusing on Simple Machines. 20 
students (4 females, 4 URM) 
participated. 
Boys and Girls Club 
STEM Visit 3/8/16 
Cedar 
Rapids, IA T. Peterson, UI 
STEM K-12 outreach. 46 students (23 
females, 40 URM) participated. 
FIRST Tech Challenge 
(FTC) North Super 
Regional      
3/18/2016-
3/19/2016  
US Cellular 
Center, 
Cedar 
Rapids, IA 
T. Peterson, UI 
MS/HS teams compete in robotics for 
advancing to the World 
Championships. 284 students 
participated. 
FIRST Tech Challenge 
(FTC) World 
Championship  
3/28/2016-
3/29/2016 St Lois, MO T. Peterson, UI 
National FTC championship 
competition for 7-12th graders. 
Findley Schools 
Dreamer Academy Visit 4/14/16 
UI, Iowa 
City, IA T. Peterson, UI 
K-12 School visit to UI campus as part 
of UI- Findley partnership.  53 students 
(24 females, 31 URM) participated. I 
have a Dream Foundation supports 
Dreamer Academies to empower 
children in low-income communities to 
achieve higher education by providing 
them with guaranteed tuition support 
and equipping them with the skills, 
knowledge, and habits they need to 
gain entry to higher education and 
succeed in college. 
Williamsburg Schools 
Engineering Visit 4/21/16 
UI, Iowa 
City, IA T. Peterson, UI 
K-12 STEM outreach. 6 students (6 
females, 2 URM) participated. 
IA Governor’s 
Conference on LGBTQ 
Youth 
4/25/16 Des Moines, IA T. Peterson, UI 
Exhibit/outreach. 250 students 
attended. 
Black Girls Do Science 4/30/16 UI, Iowa City, IA T. Peterson, UI 
STEM for African American Females in 
K4-8. 103 students (97 URM) 
participated. 
"Stack Attack' - 
Odyssey of the Mind - 
world final competition 
May 25-27, 2016 ISU, Ames, IA 
S. Sundararajan, S. 
Mallapragada, ISU 
3rd/4th grade STEM/creativity team of 
seven (4 females) competing as state 
team in the world finals. 
EPSCoR Sponsored 
STEM Summer Camps, 
UNI 
6/2016-7/2016 UNI, Cedar Falls, IA K. Dhanwada, UNI 
STEM Camps for K-12 students.  200 
participants expected.  
EPSCoR Sponsored Pre-
Engineering Summer 
Camps, UI 
6/13/2016-
7/22/2016 
UI, Iowa 
City, IA T. Peterson, UI 
K-9 summer camps on robotics 
platform. Six camps with 340 students 
expected to participate 
UNI Education 
Department Meskwaki 
Nation Summer Camp 
6/25/2016-
7/2/2016 
UNI, Cedar 
Falls, IA 
UNI college of 
Education and 
Meskwaki Settlement 
Tribe 
Camp for 5-7th grade Meskwaki 
Nation students. Geared toward 
preparing students to be college, 
career and citizenry ready with STEM, 
literacy and leadership curriculum. 24 
students expected to participate. 
EPSCoR Sponsored Pre-
Engineering Summer 
Camps for Native 
Youth, UI 
7/25/2016 -
8/5/2016 
Meskwaki 
Settlement 
School, 
Tama, IA 
T. Peterson, UI 
K-9 summer camps on robotics 
platform for Meskwaki Nation 
students. Two camps with 120 
students expected to participate. 
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Broader Impacts (BI) Platform: Workforce Development Plank  
The workforce development focus during Year 5 include: 
• The launch of the ISU graduate course ME 605: Broader Impacts of Engineering on 
Society, the first of its kind in the nation. 
• A new course at UNI entitled Tech 4100: Undergraduate Research in Construction 
Management. 
• The reconfiguration of the Wind Energy Certificate program at UI to incorporate course 
work and faculty expertise from the departments of Mechanical and Industrial 
Engineering, Civil and Environmental Engineering, Electrical and Computer Engineering, 
and Geography.  
• Continued and expanded efforts to provide elementary and middle school teachers with 
immersive hands-on experiences in STEM areas via summer experiences, specifically in 
RE/EU topics. 
• The continued use of the Fabulous Resources for Energy Education (F.R.E.E.) program at 
UNI by K-12 instructors to develop STEM educational activities, and the development of 
a hybrid professional development model for teachers that combines face-to-face and 
online components, that will be launched Summer of 2016. 
• Engagement of community college instructors in efforts to improve STEM awareness in 
students, as well as faculty at 4 year colleges in efforts to increase infrastructure to 
enable STEM activities. 
• Continued Project Lead the Way (PLTW) activities to provide training to K-12 and 
community college instructors on STEM and diversity relayed topics to strengthen STEM 
pipelines. 
 
A detailed list of workforce development related activities in Year 5 is provided in Table 1.2a.4. 
Table 1.2a.5 summarizes Year 5 STEM summer camps at UNI. 
 
Table 1.2a.4: Workforce development events and programs competed in Year 5. 
Event Date(s) Location Facilitators Comments 
Fabulous 
Resources for 
Energy 
Education FREE 
Loan Program 
9/1/2015- 
8/31/2016 
UNI, Cedar 
Falls, IA P. Higby, UNI 
Distribution of energy education materials 
to Iowa educators. 500 teachers 
participated. 
Energy 
FUNdamentals 
Prof. Dev. 
9/28/15, 
10/5/15  & 
10/12/15 
UNI, Cedar 
Falls P. Higby, UNI  
Energy related activity training for 
preservice teachers using Fabulous 
Resources for Energy Education (FREE) 
materials 
Fontana Park 
Annual Field 
Day 
9/15/2015 
Fontana 
Park, 
Hazleton, IA 
P. Higby, UNI Wind Energy Activities with 5th graders. 64 students participated. 
 Appendix A – Accomplishments: Sections 2a and 2b for the 2016 Annual Report 23 
 Iowa NSF EPSCoR 
Iowa Academy 
of Sciences 
IICTM IAS-ISTS 
Joint 
Conference 
9/21/2015 
Valley High 
School, West 
Des Moines, 
IA 
P. Higby, UNI 
Iowa Council of Teachers of Mathematics, 
Iowa Science Teaching Section of the Iowa 
Academy of Science. Energy education 
presentations and exhibit.  
Open Minds 
Open Doors 
Conference  
10/6/2015 
Coe College, 
Cedar 
Rapids, IA 
Grant Wood AEA, 
AAUW, Coe College, 
Workplace Learning 
Connection;  T. 
Peterson, UI 
Conference to encourage 6th-8th grade girls 
from multiple district to pursue career fields 
in STEM. Hosted Expo booth with hands-on 
glider activity. 520 girls (50 URM) 
participated. 
Brody Middle 
School Visit 10/8/2015 
Des Moines, 
IA T. Peterson, UI 
K-12 School STEM outreach. 43 students 
participated. 
WISE 
Ambassadors 
Judge Solon 
High School 
Science Fair 
10/16/2015 Solon, IA S. Vancel, UI 
Students from WISE Ambassadors 
volunteered to judge the high school 
science fair at Solon High School. 
Iowa Talented 
& Gifted 
Association 
ITAG Fall 
Conference 
10/19/2015 
Holiday Inn 
Hotel, Des 
Moines, IA 
IA TAG;  P. Higby, 
UNI 
Energy exhibit and materials at conference 
to prepare educators, parents, and 
administrators to understand and address 
both the social and emotional needs of 
gifted students. 50 teachers attended. 
Teaching Elem. 
School Science 11/4/2015 
UNI, Cedar 
Falls 
Dana Atwood-
Blaine, UNI C & I, P. 
Higby, UNI  
Energy related activity training for 
preservice teachers 
8th Grade 
STEM Career 
Fair  
11/5/2015-
11/6/2015 
Hawkeye 
Community 
College, 
Waterloo, IA 
Hawkeye CC; P. 
Higby, UNI 
Energy education activities at 8th grade 
STEM career fair for more than 1,000 eighth 
grade students from across the Cedar Valley 
providing hands-on demonstrations. 
Boy Scout 20th 
Annual Fall 
Merit Badge 
College 2015 
11/7/2015 
Hawkeye 
Community 
College, 
Waterloo, IA 
Winnebago Boy 
Scouts; P. Higby, 
UNI 
Energy education activities with boy scouts. 
19 participants. 
2015 Cedar 
Valley Family 
STEM Festival 
11/12/2015 
Five Sullivan 
Brothers 
Convention 
Center, 
Waterloo, IA 
NE Iowa STEM Hub, 
IA 
 EPSCoR-supported C-6 Biofarm booth and 
Waterloo Bioreactor Project represented. 
Over 2700 preK-12 students and their 
families attended. 
National 
Science 
Teachers 
Association 
NSTA Regional 
STEM 
Conference 
12/3/2015-
12/5/2015 
Kansas City 
Convention 
Center, 
Kansas City, 
MO 
NSTA; P. Higby, UNI 
Energy education and resources 
presentation and exhibit. 300 teachers in 
attendance. 
UNI Capstone 
Class 1/13/2016 
UNI, Cedar 
Falls 
UNI Continuing Ed., 
P. Higby, UNI 
Energy related activity training for 
preservice teachers 
Career Day at  
the Pingry 
School 
1/29/2016 Basking Ridge, NJ J. Haywood, UI 
Engineering Career Day; faculty presenting 
and meeting with alma mater K-12 groups. 
90 students participated. 
Waterloo 
Lincoln 
Elementary 
School 5th 
Grade Visit 
2/4/2016 UNI, Cedar Falls, IA P. Higby, UNI 
Energy education activities and outreach for 
K-12 students and teachers. 3 teachers and 
70 students attended. 
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Homeschool 
STEM 
Presentation 
2/15/2016 UI, Iowa City, IA T. Peterson, UI 
K-12 STEM Presentation/ Activity for 
Homeschools students. 12 students 
participated. 
42nd Annual 
Career 
Guidance 
Conference, 
Rockwell 
Collins 
Engineers 
Week 2016 
2/22/2016 
Hotel at 
Kirkwood 
Center, 
Cedar 
Rapids, IA 
Rockwell-Collins; 
Kirkwood 
Community College; 
C. Lehman & T. 
Peterson, UI 
Rockwell-Collins Engineering Week career 
guidance for high school students. CL 
served on organizational advisory board 
planning event and recruiting speakers for 
1/2-day conference. 317 high school 
students from 12 regional high schools 
attended break-out sessions focusing on 
STEM related careers. 
Independence 
High School In-
service Day 
2/22/2016 
Independen
ce High 
School, 
Independen
ce, IA 
 W. Van De Walle, 
Sustainable 
Independence; P. 
Higby, UNI 
Lecture and energy related activity training 
for K-12 teachers. 100 participants. 
Cedar Rapids 
STEM Festival 2/23/2016 
Cedar 
Rapids, IA T. Peterson, UI 
K-12 STEM teacher outreach. 25 teachers 
participated. 
TEAMS (Tests 
of Engineering 
Aptitude, 
Mathematics & 
Science) Annual 
STEM 
Competition 
3/2/2016 
Kirkwood 
Community 
College, 
Cedar 
Rapids, IA 
C. Lehman & K. 
Munson, UI 
Proctor TEAMS Competition for middle 
school and high school students. 100 
students participated. 
PLTW Teacher 
Workshop 3/4/2016 
Kirkwood 
Regional 
Center at 
the 
University of 
Iowa, 
Coralville, IA 
K. Munson, UI PLTW 
Teachers signed up for sessions led by 
Master Teachers from the State of Iowa to 
further their understanding of PLTW 
curriculum, software, and best practices. 43 
teachers in attendance. 
PLTW Teacher 
Workshop 3/10/2016 
DMACC FFA 
Enrichment 
Center, 
Ankeny, IA 
K. Munson, UI PLTW 
Teachers signed up for sessions led by 
Master Teachers from the State of Iowa to 
further their understanding of PLTW 
curriculum, software, and best practices. 48 
teachers in attendance. 
Janesville 
School Visit 3/21/2016 
UNI, Cedar 
Falls, IA P. Higby, UNI 
Energy education activities and outreach for 
K-12 students and teachers. 2 teachers and 
50 students attended. 
Derby Unified 
School District, 
KS Students 
Virtual Visit  
3/29/2016 & 
4/7/2016 
UNI, Cedar 
Falls, IA 
C. Melander, Derby 
Public School; P. 
Higby, UNI 
Virtual discussion on energy activities with 
K-12 students. 1 teacher and 12 students 
participated. 
PLTW State 
Conference 4/1/2016 
ISU, Ames, 
IA ISU PLTW 
State PLTW Conference for teachers, 
administrators, and counselors 
Tama County 
STEM Festival - 
NE Regional 
4/3/2016 
South Tama 
County 
Elementary 
School,  
Tama, IA 
T. Peterson, UI 
Family festival with STEM outreach and 
activities for K-6th grade students.  111 
students attended. 
Energy 
FUNdamentals 
Prof. Dev. 
4/8/16 & 
4/22/16 
UNI, Cedar 
Falls P. Higby, UNI  
Energy related activity training for 
preservice teachers using Fabulous 
Resources for Energy Education (FREE) 
materials 
SE Iowa STEM 
Festival 4/23/2016 
10-2pm, 
Burlington, 
IA 
T. Peterson, UI K-12 STEM outreach.  119 students participated. 
 Appendix A – Accomplishments: Sections 2a and 2b for the 2016 Annual Report 25 
 Iowa NSF EPSCoR 
Network of 
Iowa Christian 
Home 
Educators 
NICHE 
Conference 
6/10/2016-
6/11/2016 
Hy-Vee Hall, 
Des Moines, 
IA 
NICHE; P. Higby, 
UNI 
Presentation and exhibit on energy 
education and resources. 100 teachers 
estimated to attend. 
 Biorenewables 
and Energy 
Workshop for 
elementary 
teachers: 
Engineering a 
Greener Future 
6/27/2016- 
7/1/2016 
ISU, Ames, 
IA 
L. Bleeker, A. 
Leshem & S. Renfro, 
ISU 
One-week professional development 
workshop to become more acquainted with 
Biorenewables for elementary teachers. 14 
participants. 
ISU Summer 
Academy for 
Middle School 
Teachers 
6/27/2016- 
7/15/2016 
ISU, Ames, 
IA 
E. Hall, A. Leshem & 
S. Renfro, ISU 
Professional development workshop to 
study the methods of biomass utilization to 
produce biorenewable products, including 
biofuels and bio-materials. 11 participants. 
PLTW Summer 
Core Training 
Institute 
7/1/2016-
7/31/2016 
Kirkwood 
Regional 
Center at 
the 
University of 
Iowa, 
Coralville, IA 
K. Munson, UI PLTW Training for teachers to teach PLTW courses.  
2016 Prairie 
Lakes Energy 
Institute 
7/7/2016- 
8/4/2016 
Fort Dodge, 
IA 
Prairie Lakes AEA, L. 
Campbell; P. Higby, 
UNI 
Professional Development energy 
education workshop for K-12 teachers. 20 
participants. 
EPSCoR STEM 
Conference for 
Community 
College 
Instructors/Adv
isors and High 
School 
Counselors 
7/15/2016 UNI, Cedar Falls, IA D. Mupasiri, UNI 
Conference intended to give area 
community college advisors and high school 
counselors information about the 
preparation students need to succeed in 
STEM disciplines. 20 participants expected. 
National 
Science 
Teachers 
Association 
NSTA 5th 
Annual STEM 
Forum & Expo 
7/27/2016 
Colorado 
Convention 
Center, 
Denver, CO 
NSTA; P. Higby, UNI Presentation and exhibit on energy education and resources. 
PLTW Event 
Success in the 
Global 
Economy  
8/31/2016 
Southeast 
Polk High 
School, 
Pleasant Hill, 
IA 
C. Lehman, UI 
Visited PLTW classrooms and invited to 
participate in Partnership Community 
Meeting. 
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Table 1.2a.5: UNI-sponsored Year 5 STEM summer camps for middle and high school students. 
Camp Theme Date Location UNI Faculty Instructor(s) 
Lights, Action, Magic! 6/13/2016-6/17/2016 
UNI Campus, 4th through 
9th Grade J. Garrett  
Introduction to Robotics 6/13/2016-6/17/2016 
UNI Campus, 5th through 
9th Grade M. Fienup  
Camp MultiMedia 6/20/2016-6/24/2016 
UNI Campus, 6th through 
10th Grade Jim O'Loughlin 
Fashion & STEM:  A Perfect Fit 
6/20/2016 
- 
6/24/2016 
UNI Campus, 7th through 
10th Grade A. Lynch  
Exploring the Tallgrass Prairie 6/27/2016-7/1/2016 
UNI Campus, 2nd through 
6th Grade W. Miller  
Introduction to Robotics - For 
Girls 
6/27/2016-
7/1/2016 
UNI Campus, 5th through 
9th Grade S. Diesburg  
Minecraft Mavens - For Girls 7/7/2016-7/8/2016 
UNI Campus, 7th through 
12th Grade P. Gray 
RenewabLE energy is GOod 7/11/2016-7/15/2016 
UNI Campus, 6th through 
8th Grade S. Kucuksari 
Intermediate Robotics 7/11/2016-7/15/2016 
UNI Campus, 7th through 
10th Grade M. Fienup  
Beyond Frozen: Science, 
Math, and Art of Fractals 
7/18/2016-
7/22/2016 
UNI Campus, 5th through 
8th Grade A. Tabei 
Opening Doors to STEM 7/18/2016-7/22/2016 
UNI Campus, 6th through 
8th Grade V. Oleson 
Mastering Multiplayers 7/18/2016-7/22/2016 
UNI Campus, 7th through 
12th Grade P. Gray 
 
 
Broader Impacts (BI) Platform: Cyberinfrastructure (CI) Plank  
The focus of the cyberinfrastructure activities during Year 5 include: 
• Continuation of the UI data analytics pilot that has been in operation since October 
2015 and has engaged faculty from three different colleges on the UI campus. The 
infrastructure has also been used to teach nearly ten different courses.  
• The establishment of an FTP/Database server and a Web server at ISU for the purpose 
of accepting, processing, archiving, and disseminating data from two meteorological tall 
towers in and near a central Iowa wind farm to users including researchers, federal and 
state agencies, private sector scientists and engineers, university instructors, primary 
and secondary schools, and the general public. The public portion of the web site will be 
live in august 2016. 
• Organization and hosting of a Data Carpentry Workshop 
(http://www.datacarpentry.org/) to provide researchers high-quality, domain-specific 
training covering the full lifecycle of data-driven research. 
• The use of high performance computing to develop validated attic energy analysis 
models to inform architects and engineers in designing robust attic spaces that create 
more sustainable buildings. 
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Broader Impacts (BI) Platform: External Engagement and Communications (EE) Plank  
The external engagement and communications team conducted the following activities during 
Year 5: 
• Prepared and distributed an Iowa NSF EPSCoR semi-annual newsletter. 
• Engaged student journalists to write stories and describe broader impacts and 
discoveries of Iowa NSF EPSCoR faculty and students. 
• Hosted Iowa NSF EPSCoR workshops, “legislators in the lab” experiences for state and 
federal elected officials, and other legislator visits. 
• Hosted the state-wide Iowa NSF EPSCoR annual meeting. 
A complete list of engagement events and entities contacted during Year 5 are listed in Table 
1.2a.6. 
 
Table 1.2a.6: External Engagement and Communications Team Year 5 activities. 
Event Location Facilitators Date 
Science Communication Fellowships 
Event ISU, Ames, IA R. Mills, S. Parks 9/14/15 
Legislators in the Lab: Iowa State 
Senators J. Peterson & C. Allen 
Briefing 
ISU, Ames, IA J. Euken 9/1/15 
Legislator visit: Iowa State Senator 
Hart and entourage ISU, Ames, IA J. Euken 10/129/2015 
Legislator visit: Iowa State Senator 
Rob Hogg  ISU, Ames, IA J. Euken 11/1/15 
Wind Energy Industry Symposium ISU, Ames, IA S. Parks 9/29/15 
STEM Education Equity Symposium UI Public Policy Center, IA City, IA S. Parks 9/29/15 
Takle Lecture: HPC for Understanding 
Impacts of Climate Modeling and 
Climate Engineering 
ISU, Ames, IA S. Parks 10/9/15 
National Sustainability Day at Iowa 
State ISU, Ames, IA S. Parks, A. Stanek 10/15/15 
Series on Universal Design for 
Learning in Higher Education ISU, Ames, IA S. Parks 
10/19, 10/27 
and 11/17, 
2015 
Art Faculty tour of BioCentury 
Research Farm ISU, Ames, IA R. Mills, S. Parks 10/19/15 
Paris2015 Climate Change Panel: How 
We Can Achieve an International 
Agreement on Climate Change: Iowa 
State's Challenge for Paris 
ISU, Ames, IA S. Parks, R. Mills, A. Stanek 10/19/15 
National Bioenergy Day @ Iowa State 
University ISU, Ames, IA R. Mills 10/21/15 
Cedar Valley STEM festival Waterloo, Iowa S. Parks 11/12/15 
Design student tour of Biorenewables 
Research Laboratory ISU, Ames, IA S. Parks, R. Mills  12/1/15 
Energy Manufacturing Workshop St. Louis, MO J. Euken 12/2/15 
Envisioning our Energy Future Simpson College's Culver Public Policy Center Sara Parks 12/3/15 
Journalism Intern Fair ISU, Ames, IA S. Parks, R. Mills  2/23/16 
Meeting with James Rice, Legislative 
Assistant for Senator Grassley ISU, Ames, IA J. Euken 3/22/16 
Bioenergy tour for Congressional aides Various locations, IA J. Euken 8/1/16 
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1.2b Accomplishments: Specific Objectives 
This section provides additional information related to specific objectives that were 
accomplished this past year related to the milestones in the strategic plan.  
 
BioEnergy (BE) Platform: BioEnergy Agriculture Plank 
One project at the Cedar River Nature Resource Area BAER site focuses on the productivity and 
ecosystem services provided by prairie biomass feedstocks. Public outreach at this BAER site 
has increased through a collaboration with the Black Hawk County Conservation Board 
(BHCCB). A memorandum of understanding was established with BHCCB to continue research 
at this site. One component of this MOU is to provide an annual presentation to the BHCCB 
addressing the ongoing research.   
 
Another activity at the Cedar River Nature Resource Area BAER site involves the collection of 
extensive soil carbon flux data and native bee populations. Three manuscripts involving these 
data are in the process of being edited for submission (some or all may be submitted by the end 
of the performance period). Work on tracking belowground biomass production and turnover is 
in the preliminary stages, and equipment has been installed throughout the site to do this 
work. 
 
Using the hyperspectral system mounted on an A19 Beechcraft Bonanza aircraft, (i) two Critical 
Zone Observatory (CZO) sites were imaged at the sub-basin level in Iowa and Illinois, (ii) farm 
level precision imaging was conducted in Iowa and Minnesota, (iii) a collaborative analysis of 
wind farm impacts on agriculture was conducted near Ames, IA, and (iv) images in conjunction 
with Lidar data were acquired for several stream sites across Iowa for hydrological modeling. 
CZO imaging was conducted with the focus on soil mapping (C, N, moisture, bulk density, etc.) 
at 1 m resolution. Initial results suggest the high quality hyperspectral images provide the 
ability to map relevant soil characteristics over a wide land area with a resolution on the order 
of 1 m. Initial publications are in progress and being submitted for review. High resolution 
imaging using a helicopter platform is currently underway for more detailed studies. Initial 
results suggest image resolution on the order of 10 cm is feasible.    
 
Two years of data have been collected to show strong evidence that biomass sorghum has 
similar water use demands as corn in central Iowa. Data from this experiment is currently being 
used to parameterize the Agro-IBIS model; it will be used to extrapolate the results to the scale 
of Iowa 
 
BioEnergy (BE) Platform: BioEnergy Logistics and Conversion Plank 
Several interdisciplinary teams were assembled to prepare proposals for current and 
anticipated funding opportunities. These include a $3M response to the NSF INFEWS program, 
three pre-proposals and two full proposals to the DOE’s MEGABIO program, a full proposal to 
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the DOE Incubator program, and a team to participate in an application to the DOE Bioenergy 
Center program. 
 
Biomass pyrolysis has been the focus of several studies during Year 5. For example, Dr. Laura 
Jarboe demonstrated that styrene can be produced from pyrolytic sugars at the same yield as 
titer as pure glucose. She also quantified the membrane damage experienced by the microbial 
biocatalyst during the production of styrene, and demonstrated that genetic modification to 
alter the membrane composition of the microbial biocatalyst can improve production of 
membrane-damaging biorenewable products, such as carboxylic acids and styrene.  
 
Cellobiosan is one of the anhydrosugars produced during biomass pyrolysis, and Jarboe 
identified microbial species that are capable of using cellobiosan as the sole carbon source. Her 
group also demonstrated that emulsification of biomass-derived lignin monomers can make 
these compounds available to microbial biocatalysts. Specifically, it was demonstrated that 
Pseudomonas putida can use these compounds as a sole carbon source. 
 
Dr. Zengyi Shao has established the first stable gene expression platform for Scheffersomyces 
stipitis, an unconventional yeast that plays an important role in studying pentose uptake and 
utilization. She generalized the gene expression method to two additional nonconventional 
yeast species. Using S. stipites, Shao characterized a group of strong promoters/terminators 
useful for pathway engineering, and then demonstrated the potential of S. stipitis working as a 
microbial host to produce shikimate-derived chemicals.  
 
Additionally, Shao engineered Saccharomyces cerevisiae to produce muconic acid, as a 
precursor for synthesizing a nylon analogue, with the highest titer/yield/productivity reported 
using yeast as a production host. She also designed fatty acid sensors in Escherichia coli and 
Yarrowia lipolytica for improving fatty acid and wax production. 
 
Equipment for zeolite synthesis and characterization purchased using Iowa NSF EPSCoR funds in 
2013 allowed Dr. Jean-Philippe Tessonier to pursue new funding from the Iowa Energy Center. 
In addition, recent Iowa NSF EPSCoR funding (2015) allowed Tessonier to build two flow 
reactors for continuous catalyst testing and kinetic studies, which developed a capability that 
was not previously available at ISU. 
 
Seed corn and Miscanthus pellets were gasified in Brazil in a 2-stage gasifier system. These data 
were instrumental in helping Ratner to modify the gasifier at the UI to improve measurement 
and system accuracy. Several journal papers have also been submitted based on the joint work. 
 
Michael was able to improve the detection of chemical intermediates and products in-situ 
during biomass thermal processing. For example, a fast filament heating apparatus for 
simulating biomass thermal reactors was developed to allow variation of heating rates and 
product residence times to better simulate the multiphase reactors typical of thermal 
conversion processes. This apparatus is optically accessible and allows the study of near-surface 
products as well as products convected downstream. Using the new optically accessible 
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reactor, chemical species and phase measurements have been made of whole biomass (red 
oak) as well as model lignin and cellulose compounds. Future work will look at the time 
dynamics of the formation of products in the optically accessible thermal reactors. 
 
An ultrafast, broadband laser system has been ordered and is in the process of installation to 
allow broad frequency access to a number of relevant biomass intermediates and products. 
This system will be integrated with an optical parametric oscillator to allow access to infrared 
molecular transitions to identify both gas phase and condensed phase species, and better 
inform physical and kinetic models of the biomass conversion processes. 
 
In the area of algal biomass, Dr. Zhiyou Wen’s group is in the process of developing an 
optimized algal biofilm system for cell growth with easy biomass harvest and high productivity. 
A wide range of the materials were investigated for their cell attachment performance, and the 
best cell attachment material was identified. 
 
In the area of biomass computational fluid dynamic (CFD) simulations, Dr. Song-Charng Kong 
continued the development of open-source computer codes for design and optimization of 
biomass thermochemical reactors. He is developing a high-fidelity computational model for 
simulating fast pyrolysis of biomass particles. A high performance computer for CFD simulations 
of discrete element particle flows was purchased to aid in the complex CFD simulations.  
 
 
Wind Energy (WE) Platform: Wind Energy Resource Characterization Plank 
Data from the 2013 Crop/Wind Energy eXperiments (CWEX-13) were used to explore multi-
resolution decomposition analysis for an advanced graduate course in boundary layer 
meteorology (ISU course AGRON 590-DR: Micrometeorological Methods and Applications). 
CWEX data were also used for a senior thesis in meteorology. An experimental course on field 
instrumentation was offered by the project postdoc under his Preparing Future Faculty 
program. Problem sets and class projects used CWEX data. An MS student is currently using 
CWEX data for his thesis. Modeling of data from Iowa meteorological towers was the central 
focus of a PhD dissertation completed during this reporting period under the ISU Wind Energy 
Science, Engineering and Policy IGERT program.  
 
In conjunction with the construction of the outdoor laboratory, the Iowa NSF EPSCoR-funded 
CWEX measurements in 2010, 2011, 2012, and 2013 have demonstrated new knowledge of 
turbine-turbine interactions, wind farm wake impacts on crop microclimate, and the surface 
roughness variability to wind power and turbine wakes. The results have been valuable in the 
development of proposals for future experiments with the two 120-m towers. For example, 
products of this project were used as central components in an NSF proposal, a proposal to the 
Iowa Energy Center, and in discussions with NREL/DOE for possible application to DOE data 
analysis. 
 
From CWEX-related analyses, opportunities for addressing future tall-tower experimentation of 
wind farm wakes in the following classifications are distinguished as follows:   
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1. Comparing wind, turbulence, temperature and moisture, and heat flux when turbines 
blades are standing still during curtailment and low-wind speed conditions vs. when 
turbines are fully operational. 
2. Comparing surface microclimate and rotor layer properties of wind, temperature, 
moisture, and heat flux from a single turbine wake, from two aligned wakes, wakes from 
several turbines or from an aggregate cluster of wakes over a large portion of turbines 
within the entire wind farm. 
3. Evaluating surface microclimate and rotor layer properties of wind turbine wakes for 
multiple atmospheric conditions of thermal stratification, wind speed, turbulence 
intensity, wind shear, and directional veer, and for turbine specific conditions of power 
and blade pitch angle. 
4. Comparing surface microclimate and rotor layer properties of wind turbine wakes in 
crop agricultural environments of lower and higher crop roughness (i.e., soybean vs. 
corn). 
 
Findings from the seed grant project suggested that the hyperspectral camera SOC 710-VP 
should be able to determine some of the key vegetation parameters of interest in future 
studies. 
 
Wind Energy (WE) Platform: Blade Performance and Reliability Plank 
Modern wind farms are subjected to significant aerodynamic interference due to unsteady 
wakes of individual turbines as well as the complex terrains on which they are erected. A new 
mixed basis formulation of the governing equations has been developed for accurate numerical 
analysis of convection-dominated flows on complex terrain. The turbines were modeled using a 
momentum source method and the flow-field was solved using incompressible Reynolds 
Averaged Navier-Stokes (RANS) equations. Various turbulence models including the standard, 
RNG, and realizable k-ε models were implemented and studied. Results validating the ability of 
the numerical procedure to simulate flows over complex terrain and wind turbines have been 
benchmarked. Applications providing insights into the performance of the wind turbines 
subjected to turbine-terrain interference were studied. Analysis into the evolution and 
interaction of the turbine wake with the terrain was also conducted. 
 
Simulating wind farms requires a significant amount of time because of the large scale of the 
problems as well as the unsteady effects. Commonly used simulation methods such as the 
SIMPLER algorithm require many iterations at each time step to converge to an accurate 
solution. A newer algorithm based on explicit Runge-Kutta called RK-SIMPLER has been found 
to simulate wind turbines in much less time than the SIMPLER method, but time step 
restrictions present due to the explicit methods can make the algorithm less efficient for some 
problems. A new family of algorithms has been developed which use implicit Runge-Kutta 
methods called IRK-SIMPLER. The implicit methods allowed large time steps to be taken while 
remaining accurate, which resulted in simulations of wind farms being completed in less time 
than using the RK-SIMPLER method. The most efficient of these new IRK-SIMPLER algorithms 
was developed by deriving a new pressure equation at each stage of the Runge-Kutta method, 
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which allowed the conservation equations to be satisfied and allowed for a greater temporal 
order of accuracy.   
 
To understand the dynamic stall physics relative to wind turbine blades, the fundamental 
transport mechanisms involved in the development of the nascent dynamic stall vortex has 
been investigated, and identification made as to how dynamic stall can be altered through 
manipulation of the transport mechanisms. Turbine-turbine wake interactions have also been 
addressed by (i) designing multiple scaled model wind turbines to improve the accuracy in the 
measured rotor torque, thrust, and power; (ii) designing the scaled model wind turbines to 
improve performance by implementing low-speed airfoil sections on the blades; and (iii) 
comparing full-scale wind turbine performance data with that obtained in the new UI wind 
tunnel for a model wind farm. 
 
Wind Energy (WE) Platform: Drivetrain Design Optimization Plank 
A multibody drivetrain dynamic simulation model developed in this study was validated against 
test data published by the National Renewable Energy Laboratory (NREL). It was demonstrated 
by deterministic design optimization (DDO) that the optimum tip relief allows for minimization 
of the greatest maximum shear contact stress on the gear tooth surface without relying heavily 
on the face width widening to meet the fatigue life constraint (i.e., 20-year service life), and it 
led to a more cost-effective design. 
 
The reliability based design optimization (RBDO) was initiated from the DDO optimum. During 
the RBDO iterations, fatigue hotspots for RBDO were identified among the turbine blade 
laminate section points. For an efficient RBDO process, surrogate models of 10-minute fatigue 
damages at the hotspots were accurately created using the Kriging method. Using the wind 
load uncertainty model and surrogate models, probability of fatigue failure during a 20-year 
lifespan at the hotspots and the design sensitivities were calculated at given design points. 
Using the probability of fatigue failure and design sensitivity, RBDO of the 5-MW wind turbine 
blade was successfully carried out, satisfying the target probability of failure of 2.3%. 
 
The effects of confinement media and material physical properties on the surface morphology 
and chemical composition on wind turbine bearings were determined for laser peening without 
a protective coating. Additional material property studies showed that the ultrasonic welding 
temperature and deformation fields and its final mechanical and microstructural properties can 
be accurately simulated through a metallo-thermo-mechanically coupled analysis. 
 
A molecular model of lubrication between the bearing roller and the bearing inner race was 
developed, and then used to conducted molecular dynamics (MD) simulations of lubrication to 
calculate the friction coefficient between the roller and the inner race. The model was also used 
to study the effect of nanoparticles in the lubricant on the friction coefficient. A stable smooth 
particle hydrodynamic (SPH) method was developed and then used to implement the centroid 
Voronoi tessellation (CVT) topology optimization algorithm to generate uniformly distributed 
particles in the simulation domain. 
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Bearing fatigue life was studied using various methods. A finite element continuum model of 
the bearing inner race was developed and then used to simulate the bearing inner race to 
predict bearing fatigue life. A bond-based peridynamics method was investigated as an 
alternative approach to predicting bearing fatigue life. 
 
Wind Energy (WE) Platform: Green Energy Grids Plank 
Team members investigated the optimal power flow (OPF) problem over networks with a tree 
topology or radial networks. The reason for the interest in radial networks is two-fold. First, in 
practice, it becomes increasingly crucial to solve the OPF problem for a distribution network 
because of the penetration of the distributed generation and controllable demand. Second, 
from a computational perspective, distribution networks generally have a tree topology, and as 
a result, it would simplify the OPF problem as compared with general non-tree, or meshed 
networks. 
 
The team also developed a new simulation-based optimization framework for the network 
reliability design optimization problem that focuses on efficient and dynamic sampling within a 
given search heuristic. This framework consists of a population-based global guidance system, a 
selection-of-the-best subset procedure, and a duplicate evaluation process for eliminating 
redundant design evaluations.  
 
 
Energy Utilization (EU) Platform: Green Community Campaign Plank 
Primary analyses of the intervention activities have been completed. Recruiting for summer 
minority interns has begun with anticipation of two interns for summer 2016 at the Center for 
Social and Behavioral Research (CSBR). 
 
Energy Utilization (EU) Platform: Building Science Plank 
Interlock House community laboratory: 
A major research objective for Year 5 was the completion of multiple calibrated design models 
and simulations, and the development of evaluation strategies for energy efficiency measures 
in buildings related to human behavior. This was accomplished through continued research 
activities based on the Interlock House community lab’s extensive energy data acquisition 
system and the MiDAS (mobile data acquisition system). 
 
Multiple experiments, with numerous measurement points for each experiment, were staged 
at the Interlock House for computational fluid dynamics (CFD) validation in Year 4 (co-funded by 
an Iowa Energy Center opportunity grant); these data were evaluated during Year 5, with the 
evaluation and CFD model construction still ongoing. The various measurement conditions were 
conducted in close collaboration with Dr. Baskar Ganapathysubramanian’s CFD research team. 
The data were used in one NSF CyberSEES grant submission and four papers. The CFD validation 
experiments will continue into the summer 2016 and are based on the current findings and 
experiment #A7, conducted in Year 5 and described next. 
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Experiment #A7 was conducted at the Interlock House to investigate and validate the CFD 
models for natural ventilation with a specific spatial configuration. The experiment lasted for 6 
hours from midnight to early morning on October 25, 2015. In previous natural ventilation 
experiments (e.g., #A4 and #A5), the following spatial configuration had been investigated: #A4 
– one south kitchen window as inlet, 6 clerestory windows as outlet; #A5 – one south bedroom 
window as inlet, one clerestory window in the kitchen as outlet. For experiment #A7, the 
configuration was: one south bedroom window open as inlet, one clerestory window in the 
living room as outlet. In Experiment #A7, 122 sensors were used to collect the following 
information: (i) 50 temperature measurements mounted on the MiDAS poles, (ii) 60 
temperature measurements mounted on interior wall surfaces, (iii) 10 wind velocity 
measurements at the building inlets and outlets, and (iv) 2 wind velocity measurements at the 
opening between the bedroom and living room. The CFD model validation using the data from 
experiment #A7 is ongoing into summer 2016. 
 
A whole building energy simulation model of the Interlock House was calibrated utilizing the 
commercial software DesignBuilder based on DOE’s EnergyPlus tools and 4 years of collected 
energy data. The calibrated model was initially used to validate natural ventilation comfort 
studies in summer 2015 that were presented at the prestigious thermal comfort conference of 
the Network for Comfort and Energy Use in Buildings (NCEUB) in Windsor on April 7-10, 2016. 
The whole building energy simulation model calibration effort is currently being developed into 
a journal paper. 
 
Database and statistical analysis: 
An energy utilization database was developed utilizing Microsoft SQL Server, and the database 
was connected to a custom build website with the title: Post occupancy analysis of energy 
modeling uncertainty for a hybrid designed house (www.interlockhouse.data.com). The web 
site will be live by the end of summer 2016. 
 
Data visualization: 
One challenge encountered with the automated data collection system at the Interlock House 
was how to present the large volume of gathered data. Several tasks were completed over the 
past year to improve this area. 
1. Data visualization literature review 
There are many ways to develop a data visualization user interface and presentation 
dashboard. To assist in this process, the Building Science team reviewed several tools and 
originally selected “Tableau” as the best option. However, using the NoSQL Database with 
Tableau made things very complicated and so the team decided to go back to a Relational 
Database, and MySQL Database was selected for this. A MySQL Relation Database was 
then developed and migrated to the “Cloud” using RDS services of Amazon Web Services. 
The database server is now available 24/7 without any downtime which is really 
important while developing a user interface for the Interlock House data. 
2. Anomaly categorization 
The multiple sensors would periodically provide unrealistic values (e.g., 4999 or -7999), so 
a process was developed to “clean” the data of these values. The anomaly detection 
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method from a package in “R” was changed to the “Quantile Statistical Method” to allow 
for more automated data cleaning processes. 
3. NoSQM database design and development 
A NoSQL Database was designed and developed with the assumption that the database 
structure might change in the future. For this, “MongoDB” an open source NoSQL 
Database, was used as a base. 
4. R scripting 
There were several tasks that the Interlock House research team has been doing 
manually, like generating monthly reports and data cleaning. These and other processes 
were automated using “R” scripts.  
 
Occupants’ engagement with building energy efficiency: 
Occupants as the energy users are the key factor determining how much energy is used in a 
building. The Interlock House was not designed for an office occupancy, but that is how the 
Iowa DNR are using it; this has caused many of the passive design features to be abandoned. To 
fully utilize the passive features, the occupants must interact with the house, and it has been 
understood that the occupants feel distracted from their job and are not fully alert to a proper 
time to act. To help understand the occupants’ interactions during the official monitoring year 
(beginning June 16, 2015), occupants were engaged through: (i) examining the operation 
strategy by a researcher camping on site and then designing the operation patterns for the 
occupants; (ii) installing a remote control window opener in the house to ease the 
implementation of natural ventilation; and (iii) sending out a daily building performance 
summary to the occupants to keep them informed. A human subject research proposal, which 
was designed to improve the engagement approaches, was approved by the ISU Institutional 
Review Board. 
 
Daily energy performance summary: 
Since November 2015, a daily energy performance of the Interlock House has been sent to the 
occupants and subscribers to better engage the occupants with the building operation and 
performance accounting. The daily summary includes:  
• The expected occupant activity and weather for the next day. 
• A summary of energy consumption and production for the past day. 
• The accumulated energy balance since June 16, 2015. 
• System performance for space heating/cooling. 
• System performance for water heating. 
The daily summary is well formatted and currently sent out manually by an ISU undergraduate 
research assistant. It is making the house performance more transparent to the house 
occupants and related parties. In the future, it could be developed to be automatically reported 
to encourage a more energy efficient occupancy. 
 
Desiccant dehumidification model development: 
The Building Science team under Dr. Ulrike Passe continues to work on an energy efficient 
liquid desiccant system that began early in the Iowa NSF EPSCOR project. The end goal of this 
activity is to have a working dehumidifier which can be installed in the Interlock House. Due to 
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space constrains in the original research lab, the whole test equipment and facility was moved 
during Year 5 to the Iowa Energy Center BECON location in Nevada, IA. To ensure all systems 
were still operational, data reported by past members of the desiccant project were recreated. 
Once the system was able to run smoothly, the team tested it using various sensors. In past 
reports, data from past experiments showed that the desiccant was successful in its task of 
removing moisture from the air.  
 
For the current experiments, a desiccant solution of CaCl and H2O was mixed in a 5 gallon 
bucket. Because the mixing reaction is exothermic, the solution was allowed to cool back down 
to room temperature before it was added the system. Once the solution was cool enough, it 
was added to the input desiccant tank. The amount of salt in the solution was documented 
using the salinity sensor in the input tank. The mixture was then allowed to flow into the 
absorber box and down into the output desiccant tank. Once the desiccant reached the output 
tank, the pump was turned on to bring the solution back to the top creating a closed system 
(see Figure 1.2b.1). At the same time, a humidifier produced cool moist air that was fed to the 
energy recovery ventilator (ERV). The ERV output then became the input air to the absorber. 
The air passed through the packed bed absorber and was exhausted on the other side.  
 
 
Figure 1.2b.1: Desiccant system set up. Note red components and the recharger box were not 
connected in the experiment. Instead, a pump was used after the output 
desiccant tank to transfer the desiccant back to the input tank. 
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In the current experiments, the following parameters were measured: temperature of the air, 
the temperature of the liquid desiccant, the relative humidity of the air, the liquid desiccant 
flow rate, the air flow rate, the liquid desiccant salinity before and after the interaction with the 
moist air, and the liquid desiccant salinity in the absorber box. Data were collected for 1.5 
hours.   
 
Mobile weather station: 
Developing a mobile weather station was necessary to accurately model building energy 
performance. As a test case, microclimate data were gathered for a period of 2 months. The 
data consisted of: 
• Temperature, pressure, and relative humidity. 
• Solar radiation and visible light. 
• Wind speed and direction. 
The data are currently being analyzed. The mobile weather station is also planned to be 
installed in an open field where fluid dynamics validation data will be acquired. Changes in the 
programming of the data acquisition system are ongoing to better suit the conditioning and 
processing of the collected data. The availability of the mobile weather station set up and 
preliminary data were used in a proposal submission to the NSF INFEWS program (with Passe as 
PI). 
 
Interlock House energy data analysis using mathematical data models:  
The Interlock House energy performance data were used to test statistical data modeling 
strategies for an ISU Presidential Initiative for Interdisciplinary Research (PIIR) in Data Driven 
Science seed funding project led by Passe. This project is to test the capacity of mathematical 
data modeling to predict real building performance. The preliminary results were included in 
2016 Passive Low Energy Architecture (PLEA) paper submission. 
 
In addition to refining the building and near building characterization models, novel 
methodologies for integrating disparate and massive data sets were tested by combining 
traditional mathematical models with models that involve human factors. To develop the 
mathematical predictive modeling formulae, the initial prototype examined a four-year energy 
performance database of the Interlock House to mathematically determine which 
environmental factors were the most crucial energy performance indicators.  
 
The energy performance data were collected from the sensors placed in the Interlock House to 
monitor the environmental conditions, the thermal and electric energy consumption, and the 
solar thermal and electric energy generation of the house. The sensors can be classified into 
two categories. The first category of sensors collected the environmental condition data such as 
temperature, relative humidity, and illumination luminosity at various locations. The second 
category of sensors collected data related to the energy (electricity) used and generated by the 
house. The recorded data frequency was one minute, and the first model focused on summer 
air conditioning electricity consumption in 2015. The purpose of this study was to identify the 
key factors related to energy consumption. Key data features selected for the data model were 
outdoor temperature, outdoor relative humidity, indoor temperature, indoor relative humidity, 
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wind speed, and fitted relative humidity levels. Results show that a linear model fit to the 
humidity level can explain the air conditioning electricity consumption.  
 
Since there were strong linear relationships between the predictors, the difference between 
the indoor and outdoor temperature was used rather than the indoor temperature and relative 
humidity directly. Since the estimated humidity level was also linear with the temperature, the 
dew point was deducted from the outdoor temperature before fitting the model. Figure 1.2b.2 
shows the use of the model for four days in September 2015. The blue plot shows measured 
energy consumption data, while the red plot shows the fitted value of electricity consumption 
using the mathematical model using only the filtered data using only six predictors. The model 
captures most of the information without considering the time dependency and can be used in 
combination with weather forecast and microclimate data to predict energy consumption for 
this particular building.  
 
 
Figure 1.2b.2: Mathematical data model (red) predicts actual energy consumption data 
(blue). 
 
Interlock House energy data analysis using probabilistic graphical model: 
Persistent monitoring of indoor air quality (IAQ) within and around buildings and structures is 
critical to reduce risk of indoor health concerns. Specifically, IAQ issues in large integrated 
buildings may stem from inadequate ventilation and/or faults in the complex HVAC systems 
that, together with control and communication systems, can be considered a complex Cyber 
Physical System (CPS). A data-driven framework for monitoring distributed complex CPSs has 
been proposed that reliably captures cyber and physical sub-system behaviors, as well as their 
interaction characteristics. Using such learning methods, the aim is to identify the anomalies 
and faults at an early stage such that necessary mitigation measures can be pursued in time. A 
fault in the HVAC system may be due to both physical and cyber anomalies affecting the 
operational goals of the building system. The proposed technique involves modeling of cyber 
and physical entities using probabilistic graphical models that capture individual characteristics 
of the sub-system and causal dependencies among different sub-systems. The proposed model 
can be trained using nominal historical data and then can be used to monitor the HVAC system 
and IAQ during regular operation. The method was validated with a case study on an integrated 
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“zero-energy” (low energy/high performance) building, the Interlock House experimental test 
bed that was developed through Iowa NSF EPSCoR and maintained by the Center for Building 
Energy Research (CBER) at ISU. This work will be presented at the 2016 fall American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) Indoor Air Quality Conference 
IAQ 2016: Defining Indoor Air Quality: Policy, Standards and Best Practices, September 12 – 14, 
2016, in Alexandria, VA. 
 
Columbus Junction Community Schools: 
Changes made to the Columbus Community High School in Columbus Junction, IA have been 
complete for over two years. The school’s energy dashboard can be found at 
http://buildingdashboard.com/clients/columbus/cchs/. A screenshot of the home page is 
shown in Figure 1.2b.3. With the energy dashboard available through the internet, students can 
access it in all classrooms and from home. A large touchscreen display containing the 
dashboard and all its functions is also mounted in the school commons. Changes made to the 
school library for improving the lighting and installing auto-blinds and occupancy sensors have 
been well-received. Students at the Columbus Community Schools continue to be offered 
opportunities to learn about energy in their school. Finally, an infrared camera purchased with 
Iowa NSF EPSCoR funds was used to inspect steam traps and motors early in the project. Using 
the IR camera, a major insulation issue was identified in a new addition to the school, resulting 
in the school making the contractor fix the insulation.  
 
 Appendix A – Accomplishments: Sections 2a and 2b for the 2016 Annual Report 40 
 Iowa NSF EPSCoR 
 
Figure 1.2b.3: Columbus Community High School energy dashboard home page. 
 
Traveling energy displays:   
The long-term viability of the Imagine Energy Traveler (IET) has been secured through a 
memorandum of understanding between the UI and the Iowa Renewable Energy Association. 
The IET exhibits are planned to be upgraded in 2016. 
 
Since the “Hawkeye Power” exhibit was added to the UI Mobile Museum, it has traveled 1,738 
miles across Iowa, stopping at 27 events in 11 different counties, for a to-date visitor record of 
5,471 visitors. Figure 1.2b.4 shows a Mobile Museum visitor exploring wind energy. The 
introductory description of the “Hawkeye Power” display includes: 
 “Hawkeye Power: Clean Energy for Iowans: The University of Iowa is working to 
lower Iowa’s energy impact by developing our state’s renewable energy resources 
and researching ways to make our homes and offices more efficient. Learn more 
about Iowa’s role as a leader in wind power and find out why windmill blades are 
shaped the way they are. Explore different types of biofuels that are grown across 
the state, and see how they compare to coal and natural gas. Discover simple ways 
to make your home or office more efficient, saving energy and money.”  
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Figure 1.2b.4: A UI Mobile Museum visitor exploring wind energy. 
 
Capacity building: “Iowa’s New School Buildings: A Future Invested in Sustainability”:   
Under the goal of identifying key concerns and strategies within the US for the design of 
contemporary sustainable schools, innovative schools from the international context were 
compared with school design in Iowa. Over the past three years, this focus has been refined 
into much richer questions about (i) international perspectives in the design of sustainable 
schools, (ii) equity and inclusion, (iii) cultural differences in design of sustainable schools, and 
(iv) challenges of an over-focus on a technologically driven approach to sustainable design (i.e., 
undervaluing the social and economic impacts of sustainable design). Three papers have been 
presented at international conferences, including “On Sustainability” at Portland State 
University (Portland, OR, January 2016), and “Passive Low Energy Architecture” (PLEA) in Los 
Angeles, CA, July 2016; these papers represent the work of Iowa NSF EPSCoR funded graduate 
and undergraduate students. The focus of these papers are questions of equity and a critical 
evaluation of its place in the development of tools and frameworks for assessing the 
performance of sustainable school buildings. This is a question aimed not only at the 
participation of children (and gender) in evaluating school buildings, but also at the 
development of a school community through design practices.  
 
Wheeler has expanded her collaborations with educationalists/educational philosophers and 
environmental education curriculum developers to provide a series of best practice guidelines 
for school design. The collaborations have been facilitated through support from Iowa NSF 
EPSCoR, the Iowa Energy Center, and fellowships from other Universities, and have focused on 
continuing existing research relationships, developing new research relationships, and grant 
planning. Academic support has come from a number of individuals across the globe: Masoud 
Malekzadeh (University of Northampton, UK), Luce Irigaray (CRNS, Paris), Robert Crocker 
(University of Adelaide, Australia), Fritz Steiner (University of Texas-Austin), and Thomas Berker 
(Norwegian University of Science and Technology). Each collaborator has an interest in 
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developing tools for sustainable design and critical perspectives on what should or should not 
be included in such tools.  
 
Over the past 3 years, a series of case studies has been developed which present a 
comprehensive study of the design of new school buildings in Iowa, and their approaches to 
energy efficient design and sustainable school communities. The activities in this area have 
developed into a much more comprehensive approach to sustainable schools, and has resulted 
in the preparation of a book proposal to Bloomsbury entitled: “Wild and Indifferent Schools.” 
The possibility of best practice guidelines for sustainable schools will continue to be developed. 
 
 
Energy Policy (EP) Platform 
Three seed grants were provided to Energy Policy Platform researchers. Current EP platform 
member Rosberg (UNI) surveyed Midwest farmers about their corn fungicide decisions; this 
survey was partially funded by Iowa NSF EPSCoR funds. The data from the survey is currently 
being used to evaluate farmer’s fungicide decision process, how farmers’ risk perceptions 
differs from the theoretical estimates of risk, and how risk perceptions differ among farmers in 
similar conditions and contexts. She also plans to use the results from these studies to improve 
economic models that analyze and develop energy policy. Rosberg has also been working on a 
project that evaluates potential corn stover contracts to mitigate feedstock supply risk in corn 
stover biofuel production. A paper from this effort will be presented at the 2016 Agricultural & 
Applied Economics Association (AAEA) meetings in August 2016.  
 
Assistant Professor Ivan Rudik (ISU) is new to the EP platform. His seed grant is being used to 
support research on the health impacts of fossil fuel-fired electricity. A large hurdle with 
estimating the true health impacts of pollution is that people naturally avoid days when 
pollution is high, and wealthier (also healthier) people have the ability to sort away from 
pollution sources. Both of these activities bias estimates of health effects in opposite directions. 
He is exploiting the variation in fossil fuel-fired generation caused by out-of-state Renewable 
Portfolio Standards (RPS) to generate estimates of changes in emissions at power plants. He 
then inserts his results into an atmospheric dispersion model to instrument for changes in 
pollution concentrations in counties that may not even have a coal-fired power plant or are 
subject to an RPS. With this instrument, he will estimate the effect of changing pollution 
concentrations on emergency department visits. These pollution changes are small and not 
visible, so it is plausible that individuals are not taking up avoidance behavior or sorting to 
cleaner counties.  
 
Assistant Professor Gabriel Lade (ISU) is also new to the EP platform. His seed grant focuses on 
the pass-through of the implicit subsidy for biofuels and the implicit tax on gasoline under the 
Renewable Fuel Standard at retail gasoline stations in the Midwest. The research seeks to 
better understand potential market barriers to increasing the use of alternative fuels in the 
United States, a critical question as federal and state laws continue to require higher volumes 
of renewable fuel be produced and consumed in U.S. fuel markets.  
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Broader Impacts (BI) Platform: Faculty Development Plank 
Over 30 faculty development programs have been delivered across the three Regent 
Universities. ISU’s Grants Hub continues to support faculty through pre-award services, 
checklists for proposal preparation including a specific checklist for planning, establishing, and 
articulating effective broader impacts activities, and supporting larger interdisciplinary grant 
pursuits (e.g., Data Driven Science, Brain Research Initiative, Antimicrobial Resistance Research, 
and the new overlapping areas of food, energy, and water). UNI continued the Women in STEM 
learning community that engaged more than 44 UNI women faculty in the STEM fields. 
 
At UNI, two seed grants were awarded to Susan Salterberg and Carole Yates with the Center for 
Energy & Environmental Education at UNI, focusing on Energy Utilization projects: Helping 
Students Reduce Energy Consumption (Salterberg), and Expanding the Reclaim Your Holidays 
Project (C. Yates). 
 
 
Broader Impacts (BI) Platform: Diversity Plank 
Diversity activities in Year 5 have increased visibility of the Iowa NSF EPSCoR project with 
institutional collaborators including Iowa industry, K-12 schools and programs, and community 
colleges through their expanding summer programs and other academic year activities. 
Diversity and BI leaders have successfully identified existing programs that Iowa NSF EPSCoR 
can work with to leverage and maximize impact – these include Women in Science and 
Engineering, disciplinary minority organizations (e.g., National Society of Black Engineers), 
Upward Bound, Louis Stokes Alliance Minority Program (LSAMP), and other regional entities 
such as Girl Scouts, Regional STEM hubs, Quad Cities Minority Science Partnership, etc.  
 
Several summer camps at UI and UNI are targeted towards Native American youth, girls only, 
and children with disabilities. Additionally, in order to allow past summer camp participants to 
continue their interest in STEM and provide further opportunities to continue their 
participation in STEM events, a Future STEM Panthers Club was developed. The UNI Future 
STEM Panthers is a virtual club open to K-12 grade students who have attended a STEM event 
on the UNI campus. STEM Panthers receive periodic electronic newsletters with information 
about upcoming campus events for students and families, profiles of undergraduates, and other 
stories to keep them connected to UNI and help support their future STEM career experiences. 
 
Iowa NSF EPSCoR funds are also being utilized to promote research experiences for female and 
URM undergraduates and community college students through collaboration with the Iowa 
Illinois Nebraska STEM Partnership for Innovation in Research and Education (IINSPIRE)-LSAMP 
program, as well as other programs. For example, Ms. Valeria Cano-Camacho was a George 
Washington Carver minority high school intern working with Heaton in the BioEnergy Platform 
(Figure 1.2b.5). Ms. Cano-Camocho is now an undergraduate at ISU working in Heaton’s lab. 
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Figure 1.2b.5: Heaton PhD student Mauricio Tejera teaches high school intern (now 
undergraduate research assistant) Valeria Cano-Camacho to measure M. x 
giganteus growth parameters. 
 
Diversity at the graduate level is benefitting from the UI/Sloan University Center of Exemplary 
Mentoring (UCEM), which promotes evidence based mentoring and other recruitment and 
retention efforts for minority students at UI. A seed grant to Assistant Professor Brian Burt, an 
African American faculty member in the School of Education at ISU, focuses on URM 
experiences in the graduate STEM fields and stands to provide evidence-based best practices 
for successful mentoring and advancement of URM students in Iowa. 
 
To address the issue of increasing faculty diversity, both UI and UNI have institutionalized the 
ISU ADVANCE best practices for increasing diversity via faculty searches. UI has established the 
first CoE Diversity report and action plan to promote best practices, and UNI has established a 
Faculty Fellow at the Provost’s office to help educate faculty on building diversity in their 
searches. Both these are sustainable efforts to change the culture and attitudes towards faculty 
diversity. 
 
Finally, Iowa NSF EPSCoR conducted three workshops to increase awareness of the 
opportunities in research and education to engage persons with disabilities, who are also 
underrepresented in STEM fields. 
 
Broader Impacts (BI) Platform: Workforce Development Plank 
Summer Academy experiences for K-12 teachers: 
Similar to last year, the plan is to conduct workshops during summer 2016 (a three-week 
Summer Academy for middle school teachers and a one week workshop for elementary school 
teachers) on Biorenewables at ISU. Figure 1.2b.6 shows the 2015 Summer Academy 
participants. A cohort of 13 middle school science teachers and about 14 elementary school 
teachers from across central Iowa is anticipated. Participants typically attend faculty led 
lectures and seminars on related topics and conduct hands-on laboratory activities associated 
with the production of biorenewable fuels and chemicals. The experience also includes 
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pedagogy training to help teachers create grade appropriate classroom materials that comply 
with the Iowa Core Curriculum requirements and simultaneously focus on biorenewables. A 
similar program focusing on renewable energy is also planned at UNI to engage about 20 high 
school and middle school teachers in hands-on experiences in pedagogy development in STEM 
topics, using a hybrid model of in person and online activities.  
 
 
Figure 1.2b.6: 2015 participants to the ISU Summer Academy. 
 
Development of a Broader Impacts course for engineering graduate students: 
An ISU graduate-level course, ME 605: Broader Impacts of Engineering on Society, was 
launched spring 2016. Fourteen students from across engineering participated in this 
experimental course and developed a range of BI projects ranging from K-12 activities to public 
engagement, thereby increasing their understanding of the need to work towards specific 
societal outcomes in the context of their research. Figure 1.2b.7 shows one student giving her 
final project presentation. The course will be offered again next year. The course has been 
discussed with colleagues at the 2016 National Alliance for Broader Impacts (NABI) summit, and 
already two other schools (Brown University and Worcester Polytechnic Institute) have 
requested a course syllabus. 
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Figure 1.2b.7: Allison Cargill, Iowa State mechanical engineering graduate student, describes 
her plan for science café-like events at a local brewery as part of her BI course 
project. 
 
PLTW training programs: 
Chelle Lehman, the Diversity/Implementation (D/I) Coach, has worked to develop strong 
relationships with the PLTW coordinators across the state, working with them to (i) help 
increase the number of PLTW schools in their region, (ii) recognize successful implementation 
strategies, (iii) identify successful community partnership teams, (iv) facilitate teacher 
professional development (through STEM conferences, workshops, and training institutes), and 
(v) develop regional career academies. Additionally, the D/I Coach continues to work on 
increasing the diversity of the students in PLTW classrooms; this includes both developing new 
classroom materials and recruiting tools, as well as working on events that promote diversity in 
STEM education. 
 
Seed grants in WFD: 
A seed grant was awarded to Assistant Professor Shweta Chopra, a female faculty member in 
the Agricultural and Biosystems Engineering Department at ISU, who has launched a study to 
investigate the efficacy of industry engagement in undergraduate engineering and technology 
curricula and inform faculty and industry on strategic and impactful ways of engagement. So far 
students from 4 courses at ISU and Purdue have participated in the assessment and data 
analysis is ongoing. 
 
 
Broader Impacts (BI) Platform: Cyberinfrastructure (CI) Plank 
No additional materials to report here. 
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Broader Impacts (BI) Platform: External Engagement and Communications (EE) Plank 
The EE team has ensured timely updates and content management of the Iowa NSF EPSCoR 
website, reached out to pertinent constituents to expand the Iowa NSF EPSCoR newsletter 
subscription list, and developed and distributed two issues of the Iowa NSF EPSCoR newsletter, 
with the third to be distributed this summer. The team focused on writing 20 news stories and 
two features, including four stories featuring Iowa NSF EPSCoR diversity programs. Stories were 
shared via the web, Twitter, and the newsletter. They hosted “Legislators in the Lab” to ensure 
the most effective means of communication regarding the project to the state legislature, and 
also hosted three other visits by State of Iowa legislators. Two communications students were 
hired to work as interns for the Iowa NSF EPSCoR project to enhance external engagement and 
communications impact. Additionally, the EE Plank, in conjunction with the BioEnergy Logistics 
and Conversion Plank, co-hosted the Chemical Conversion via Modular Manufacturing 
Workshop in St. Louis, MO, in December 2015. 
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Appendix B – Accomplishments: Sections 2c and 2d 
 
1.2c Accomplishments: Significant Results 
This section highlights significant results from the bioenergy, wind energy, energy utilization, 
and energy policy research activities as well as broader impact activities.  
 
BioEnergy (BE) Platform: BioEnergy Agriculture Plank 
Dr. Kenneth Elgersma determined that diverse mixtures of native prairie perennials have higher 
rates of respiration than monocultures of switchgrass or a low-diversity mixture of grasses, but 
this difference is only seen during the peak respiration period in late summer (Figure 1.2c.1). He 
also quantified that respiration rates differ depending on soil characteristics. While all of the 
data necessary to build a belowground carbon budget is not yet available to determine if higher 
rates of respiration are balanced by higher rates of productivity, the installation of equipment 
for monitoring belowground carbon productivity will help address this issue. 
 
 
Figure 1.2c.1: Soil respiration rate throughout the course of the 2015 growing season for a 1-
species switchgrass monoculture, a 5-species grass mixture, a 16-species 
grass/forb mixture, and a 32-species prairie mixture. 
 
In addition to monitoring soil carbon cycling at the Cedar River Natural Resource Area BAER 
site, Elgersma sampled native bee populations using this site and found that increasing plant 
species richness causes an increase in both flower abundance and flower diversity, and these 
increases made the area a more attractive habitat to native bees. As shown in Figure 1.2c.2, 
bees are found in greater numbers in more diverse mixtures of plant species, and a higher 
number of bee species is found in more diverse plant mixtures as well. 
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Figure 1.2c.2: Increases in plant diversity between the 1-species switchgrass monoculture, 
the 16-species grass/forb mixture, and the 32-species prairie mixture result in 
increases in flower abundance and richness, which drive corresponding 
increases in native bee abundance and richness. 
 
Using the 1-species switchgrass monoculture, a 5-species grass mixture, a 16-species grass/forb 
mixture, and a 32-species prairie mixture at the Cedar River Natural Resource Area BAER site, 
Dr. Mark Sherrard was able to show that the 5-species grass mixture produces less biomass 
than a 16-, or 32-species mixture. He also reports that the switchgrass monoculture is more 
susceptible to weed invasion than high diversity mixes. The 5-species grass mixture was also 
found to deplete soil nutrients at a faster rate than a 1-, 16-, or 32- species mixture; this 
influences the physiology and performance of plants within this feedstock. Finally, soil type 
influences selection on plant physiology in switchgrass via effects on water holding capacity. 
 
Dr. Mark Myers utilized Iowa NSF EPSCoR-supported resources to continue long-term 
monitoring of plant and butterfly communities at the Cedar River Natural Resource Area BAER 
site. 
 
Dr. David Laird has demonstrated that soil biochar amendments are effective for enhancing soil 
quality and building soil organic carbon levels (sequestering carbon). The improvements in soil 
quality partially compensate for some, but not all, of the negative impacts of biomass 
harvesting on soil quality, and therefore allow a greater fraction of above ground biomass to be 
sustainably harvested for bioenergy production. His field plot research demonstrates that 
biochar amendments increase crop yields when soil quality is limiting productivity, and in 
continuous corn production systems with high residue levels, but are less likely to increase 
yields on high-quality soils or in cropping systems that employ crop rotations. On-going and 
recently published research from Laird’s group has quantified effects of ageing on biochar 
surface chemistry. 
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Heaton has shown that M. giganteus is a suitable model crop to study environmental and 
management impacts in warm-season grasses. Her group can now use LAMPS as a source of 
robust field data that is applicable to related grasses (e.g., switchgrass, other Miscanthus 
species, sorghum, etc.). She has found that nitrogen fertilizer alters M. giganteus 
photosynthetic performance and biomass yield only under certain conditions, and are 
continuing data collection to elucidate explanatory mechanisms. Finally, she has shown that 
approximately 10% of Iowa cropland is consistently unprofitable, representing an economically 
viable entry point for energy crops on identified land. 
 
Using the hyperspectral imaging system mounted on a fixed-wing aircraft or helicopter, Dr. 
Marc Linderman has determined that direct correction of atmospheric irradiance is required 
through instrument recalibration, and the sensor is currently at Headwall for analysis. He has 
shown that expected soil absorption bands are related to primary soil characteristics with the 
VNIR sensor providing high resolution imaging capabilities while retaining the majority of 
information. Finally, it was determined that imaging capabilities could be improved through 
sensor stabilization, and stabilization methods are currently being explored. 
 
BioEnergy (BE) Platform: BioEnergy Logistics and Conversion Plank 
Shao established the first stable gene expression platform for Scheffersomyces stipitis, an 
unconventional yeast that plays an important role in studying pentose uptake and utilization 
and generalized the method to another two nonconventional yeast species. She further 
characterized a group of strong promoters/terminators useful for pathway engineering in S. 
stipites, and demonstrated the potential of S. stipitis working as a microbial host to produce 
shikimate-derived chemicals. 
 
Shao also engineered Saccharomyces cerevisiae to produce muconic acid, as a precursor for 
synthesizing a nylon analogue, with the highest titer/yield/productivity reported using yeast as 
a production host. Finally, she designed fatty acid sensors in Escherichia coli and Yarrowia 
lipolytica for improving fatty acid and wax production. 
 
Ratner continued his collaborations with Brazilian colleagues, and through biomass gasification 
research in Brazil, has improved a method for air control in the UI gasifier, yielding a mass 
balance accuracy of 97%, versus a mass balance of 82-90% on the original UI gasification 
system. These results have led to the modification of the UI system to improve air control. 
Specific improvements this year have raised the overall efficiency from about 45% to 55%, with 
the final goal being 65%. 
 
Dr. Robert Brown and Tessonnier have developed a collaboration in zeolite catalyzed fast 
pyrolysis of cellulose and lignocellulosic biomass to aromatics. Their goal is to increase yields to 
aromatics beyond 32%, which is the highest yield reported in the literature. Their starting 
hypothesis for this work was that diffusion and mass transfer limitations represent a major 
bottleneck to further improve the catalyst’s performance. To address this issue, they developed 
synthetic strategies to create molecular highways in the microporous catalyst. However, only 
very minor changes in performance were observed. The samples were further characterized 
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and the detailed analysis of their structural and physico-chemical properties revealed that the 
zeolite’s crystallinity was key to achieving high yields. 
 
Wen has been working in the area of algal biomass production. He has determined that the cell 
attachment performance in his algal biofilm system is highly dependent of the surface texture 
of the materials. He has determined that a substrate mat with a pore size of 0.5-1.2 mm 
produces the best cell attachment.  
 
Dr. Mark Mba-Wright has assessed the replacement of coal in existing power plants with bio-oil 
co-firing fuel (BCF). His team estimated that the EPA’s clean power plan could be met with a 
35% BCF feedstock, but this would increase costs to about 9 cents/kWh. With this estimate, he 
determined that carbon taxes of $30-$60 per tonne of CO2,eq could make BCF power generation 
competitive with US electricity prices. Figure 1.2c.3 shows a schematic of a BCF power 
generation system. 
 
 
Figure 1.2c.3: Bio-oil co-firing fuel (BCF) power generation life cycle system boundary. 
 
Mba-Wright also used techno-economic and uncertainty analysis of in situ and ex situ fast 
pyrolysis for biofuel production to compare the uncertainty in gasoline and diesel production 
via in situ and ex situ catalytic fast pyrolysis. He determined that ex situ fast pyrolysis can lower 
the risk of biofuel production by limiting biomass-catalyst interactions, which increases catalyst 
performance and lifetime. Figure 1.2c.4 shows this process diagram.  
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Figure 1.2c.4: A process diagram for in situ and ex situ catalytic fast pyrolysis for gasoline and 
diesel fuel production. 
 
Mba-Wright further compared the techno-economic uncertainty of various gasification and fast 
pyrolysis scenarios to understand the short-term and long-term risks of biofuel production via 
these pathways. As shown in Figure 1.2c.5, in situ and ex situ catalytic fast pyrolysis have 
biofuel minimum fuel selling prices (MFSPs) of about $4.2 per gallon. Near-term gasification 
biofuel prices were estimated at $7.02 per gallon, and long-term gasification prices decrease to 
$4.33 and $4.46 per gallon. The uncertainty around gasification scenarios is smaller than the 
pyrolysis scenarios due to the greater maturity of gasification technologies. Pyrolysis scenarios 
had standard deviations of $0.8 to $1.15 per gallon whereas gasification costs had deviations of 
$0.31 to $0.49 per gallon. 
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Figure 1.2c.5: Minimum fuel-selling price (MFSP) estimates and standard deviations for in 
situ and ex situ catalytic fast pyrolysis, and near-term and long-term 
gasification to distillate scenarios. 
 
During year 5, Mba-Wright has also: (i) studied the production of fuels and ammonia from 
sewage sludge via catalytic pyrolysis, (ii) investigated the production of transportation fuels 
from corn silage and stover, Miscanthus, and sweet sorghum, (iii) developed a novel 
optimization methodology for estimating kinetic parameters of enzymatic hydrolysis of corn 
stover, and (iv) investigated the environmental impacts of biofuel supply chain urban emission. 
 
Kong has developed an open-source CFD model that incorporates biomass reaction kinetics. It 
is being used as a tool to characterize the effects of operating conditions, feedstock properties, 
and reactor geometry on the product yield. The computer code is now able to resolve the flow 
field down to the particle level and consider the intra-particle phenomena, in addition to the 
interaction of particles and gas flows.  
 
 
Wind Energy (WE) Platform: Wind Energy Resource Characterization Plank 
An alternative conceptual and numerical method built on a merging of two very recent 
theoretical developments has been used to represent the atmospheric boundary layer in the 
widely used Weather Research and Forecasting model for difficult-to-forecast stably stratified 
nighttime conditions. Applying the new method to 15 nighttime wind ramp cases from Iowa 
and the Hamburg, Germany area, a 13% reduction in mean absolute error in wind speed 
forecasts was demonstrated. Use of CWEX-13 data demonstrated that the multi-dimensional 
decomposition analysis that was used can distinguish mesoscale from local-scale influences on 
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turbulence provided that datasets have 218 = 262,144 consecutive points without a single skip 
recorded for each sensor, which has been achieved with the CWEX-13 data. 
  
CWEX-10 measurements indicate a near 1.0 m/s daytime surface wind speed reduction within 
turbine wakes deeper into the wind farm when turbines are operating, whereas surface speeds 
are reduced by less than 0.5 m/s in the near leeward side of the turbines when the turbines are 
off. At night, wakes bring 0.5-1.0 m/s faster wind speeds to the surface when turbines are on, 
but a slight decrease when turbines are not turning. Nighttime air temperature decreases a few 
tenths of a degree K in the near-wake of a single turbine but gradually increases by nearly half a 
degree K deeper into the wind farm when turbines are on. Conversely, nighttime temperature 
differences upwind and downwind of a wind farm are negligible when turbines are off. Further 
investigation is needed in understanding the role of the static pressure field around turbine 
lines, which create these differences when turbines are both operating and off.  
 
Surface and profile measurements within several turbine lines in the CWEX-13 study for 
nighttime stable conditions indicate a non-linear response of increasing turbine-turbine wake 
interactions and the impact on surface and rotor-layer properties of flow and surface-layer 
thermodynamics.   
 
At the surface layer, larger over speeding is evidence of stronger downward transport of 
turbine speed within turbine wakes as shown in Figure 1.2c.6. The highest wind speed 
enhancements (1.5-2.0 m/s) occur at stations downwind of one or two turbine lines with wakes 
aligned into each other for southerly wind sector upstream of the turbines. Speed differences 
at ISU 5 and ISU 6 are reduced to within 0.5 m/s for wind directions that indicate multiple lines 
of turbines are influencing the downwind stations (westerly and southeasterly). The 
aggregation of wakes leads to less modification of the surface wind speed because of the wake 
interaction dissipation processes. Non-waked stations (ISU 3 and ISU 7) are also indicated when 
speed differences are at or less than 0.5 m/s for most of the southerly directions. ISU 4 
approaches the over speeding amount of ISU 5 and ISU 7 for winds from the west-
southwesterly direction when there are one or more turbines from two lines of turbines to the 
southwest of the station. An additional station upwind of the reference turbine line (ISU 1) 
depicts a minor speed decrease than the ISU 2 location and this is likely caused by a lower 10-m 
difference in terrain and a sloping upward fetch at the ISU 1 station. When flow is from the 
northerly sector, a reversal of speedup into a speed deficit is observed because there is less 
wind speed at the northerly stations than at the southerly stations in the turbine wakes for the 
whole northern third of turbines in the wind farm. 
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Figure 1.2c.6: Downwind-upwind differences in 10-m wind speed for surface flux stations 
within several lines of turbines according to the CWEX-13 experimental setup 
for stable conditions and sorted by 80-m wind direction from the CU 1 profiling 
LiDAR. 
 
Surface wind speed differences for all southerly free-stream flow conditions at the reference 
flux station (ISU 2) are represented according to the strength of stratification (L/D), where L 
(the Obukhov length) is a stability parameter and D is the rotor diameter (e.g., 77 m). The 
highest over-speeding in Figure 1.2c.7a indicates the strength of stability such that the 
background natural atmospheric scales of mixing are less than or near the size of the length of a 
single turbine blade (L~≤0.5D). Also related to surface stability is the measure of change in 
direction with height (wind veer), and this is represented by the 40-120 m rotor layer 
directional difference from the upwind wind profiling LiDAR (CU 1). Wakes are most clearly 
influencing multiple stations downwind of the leading turbine line when rotor-layer veer is 
between 10-30° (Figure 1.2c.7b). Wakes are detected with higher variability for negative veers 
and for positive veer larger than 30°. The surface station flux differences in Figure 1.2c.7c are 
also sorted by the ambient wind speed at hub-height measured by the CU 1 LiDAR. As 80-m 
wind increases from the cut-in speed to slightly less than the rated speed (~9.0 m/s), there is a 
quasi-linear relationship to the waking of the surface. At low speeds, wakes appear less 
organized and are not reaching the surface, whereas at speeds slightly lower than the rated 
speed, wakes are intersecting the surface and increase the downward transport of heat and 
other fluxes. However, as wind speeds are at and above the rated speed, we suspect turbulence 
production in the wake is reduced as flux differences from the reference station become small 
and have larger variability. The relationships between hub-height wind speed and turbulence 
generation within wakes will be further explored with rated power during the remaining 
months of this project. 
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Figure 1.2c.7: Downwind-upwind differences in 10-m wind speed for surface flux stations 
within several lines of turbines according to the CWEX-13 experimental setup 
for stable conditions with southerly approach flow (south-southeast to west-
southwesterly) and sorted by a) surface stratification (L/D), b), 40-m to 120-m 
wind directional difference from the CU 1 profiling LiDAR, and c) 80-m wind 
speed from the CU 1 profiling LiDAR. 
 
Using wind profiling LiDARs, one upwind (CU 1) and one downwind (CU 2) profile of a single 
turbine line were acquired. Stronger waked flow in the 40-m to 120-m rotor span was detected 
downwind from a single turbine at greater distances than when multiple turbine wakes from 
several turbine lines are intersecting and exchanging wake turbulence. In northwesterly or 
southeasterly wind directions along the orientation of the wind farm, wind speeds downwind of 
several turbines have recovered to 90-95% of the non-waked upwind profile, whereas 
downwind of a single turbine, the speed recovery in the wake is 80-85% for southerly wind 
directions. The wind profiling differences are then combined for a composite directional sector 
between south-southeast to west-southwest as in the surface flux analyses of Figure 1.2c.7. For 
strongly stable conditions (0.1-1.0 L/D), wakes exhibit less dissipation in the rotor layer than in 
weakly stable conditions (>2.0 L/D) as shown in Figure 1.2c.8a. Wake structures are most 
cohesive when directional veer is between 0-20° and most variable during conditions with 
negative directional difference between the top and bottom of the rotor layer (Figure 1.2c.8b). 
Our representation of wind speed differences according to hub-height wind speed in Figure 
1.2c.8c demonstrates similar relationships to those observed in the surface layer. The lowest 
speed deficits occur for wind speeds near the cut-in speed, whereas the largest waking (>1.0 
m/s) is noted when speeds near the rated speed (e.g., 11 m/s). Speed deficits plateau near 0.5-
1.0 m/s when the hub-height wind speed is around 9.0 m/s. This speed threshold is believed to 
designate where a maximum waking effect of surface fluxes is observed. 
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Figure 1.2c.8: Downwind-upwind differences from profiling LiDARs CU 2-CU 1 for 40 to 120 m 
heights normalized by hub height (H = 80m) according to the CWEX-13 
experimental setup for stable conditions with southerly approach flow (south-
southeast to west-southwesterly) and sorted by a) surface stratification (L/D), 
b), 40-m to 120-m wind directional difference from the CU 1 profiling LiDAR, 
and c) 80-m wind speed from the CU 1 profiling LiDAR. 
 
Variability of wind farm wakes due to crop roughness are addressed by comparing 
simultaneous measurement locations for two stations, one upwind (ISU 1) and one downwind 
(ISU 2) of a single turbine line in corn (CWEX-11) and in soybean (CWEX-12). Day and night flux 
differences between the two growing seasons were completed. Turbine wakes cause higher 
nighttime speed increases and fluxes over a shorter roughness (soybean) than taller roughness 
(corn), whereas larger daytime speed increases at the downwind station (ISU 2) are observed 
over the corn canopy. Further partitioning of flux differences was done into stable, neutral, and 
unstable categories of thermal stability, and according to wake direction sectors (i.e., distance 
of the flux station to an individual turbine and the lateral position of the wake overhead of the 
ISU 2 station), a breakdown was observed of near-wake, far-wake, and between wake flow 
situations. When turbine wakes were only within 3-4 D of the ISU 2 station, higher nighttime 
speeds and fluxes were observed over the soybean canopy than the corn canopy, whereas 
wakes that spread out a distance of >4D exhibited a larger flux exchange at ISU 2 in the taller 
corn crop. For the direction sector directly normal to the turbine line, the ISU 2 station is in 
between the wakes of two turbines. There is a slightly lower speed increase in this condition for 
both corn and soybean and the inference can be made from previous CWEX analyses that the 
perturbation pressure from the turbine line is responsible for this nighttime speed up in 
between the turbines. Additional evidence of the pressure perturbation has been proposed in 
the nighttime directional deflection of winds at similar stations in CWEX-11 and in the CWEX-10 
measurements. In the comparison of corn vs. soybean canopies, again, a positive deflection of 
the direction for winds with negative angle of attack to the turbine line (southeasterly flow), 
and a negative deflection for southwesterly winds with a positive angle of attack to the turbine 
line, are noted. The deflection is less than ±5° for winds directly from the south whereas up to 
+20° and -20° is noted for approach flow directions from the southeast or southwest, 
respectively. This directional deflection is most significant in the taller corn crop. Additional 
testing of these concepts are required in numerical simulations for further advancement of 
understanding pressure perturbation and flow convergence zones within wind farms. 
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A key modification to the most widely used numerical weather forecast model world-wide by 
Takle PhD student David Jahn has created a significant improvement in forecasting the 
acknowledged difficult problem of nighttime wind ramp events, which occur many times per 
month in Iowa. In application of this new model to 15 case studies, spanning wind ramp events 
in Germany and Iowa, Jahn has produced an average reduction of 13% of the mean absolute 
error in wind forecasts for these events. A reduction of wind forecast error by 13% can be 
viewed as significant when assessing its effect in terms of cost savings to wind farm operations. 
In a 2014 DOE report stemming from its Atmosphere to Electrons (A2e) Initiative (DOE 2014, 
http://energy.gov/eere/wind/atmosphere-electrons) it is stated that wind forecast accuracy 
improvements of 10-20% can save $100-300M in annual operating costs nationally. This level of 
anticipated monetary value of wind forecast improvement is corroborated also by a study 
conducted over the Electric Reliability Council of Texas (ERCOT) domain such that only a 1% 
reduction in MAE of 6-hour wind forecasts are associated with approximately $30M in savings 
over a 6-month period within the Texas region alone (see http://www.ercot.com/ for more 
information). 
 
Finally, a refined version of a spatially and temporally resolved wind resource characterization 
map of Iowa was developed. Using this map, the first synchronized hyperspectral airborne/field 
experiment and data collection over a windfarm was conducted to determine crop-wind 
turbine relationships. 
 
Wind Energy (WE) Platform: Blade Performance and Reliability Plank 
The new mixed-basis governing equations for complex terrain flows was validated by simulating 
the flow over an Askervein hill complex terrain (see Figure 1.2c.9). The Askervein hill is an 
isolated hill, located in the west coast of the island of South Uist, in the outer Hebrides of 
Scotland, United Kingdom. The field measurements over the hill were the result of a 
collaborative effort between many countries including Canada, Denmark, Germany, UK, and 
New Zealand. It was conducted with the help of the International Energy Agency Program of 
Research and Development on Wind Energy Conversion Systems in the months of September 
and October of 1982 and 1983. 
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Figure 1.2c.9: Flow over Askervein hill complex terrain. 
 
Results (like velocity and turbulence profiles) from the present computational method are 
compared against the experimental measurements along the section lines shown in Figure 
1.2c.9. The predictions in Figure 1.2c.10 follow the experimental trends and well represent the 
experimental data. 
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Figure 1.2c.10: Comparison of velocity speed up ratios and turbulence profiles. 
 
The momentum source model for turbines is validated by simulating an NREL wind turbine. The 
turbines are modeled by the addition of a source term in the momentum equations, leading to 
the terminology - momentum source model for wind turbines. To calculate the forces due to 
the spinning turbines, the blades are discretized into a number of span-wise sections. The blade 
sectional properties like chord, twist, deflection, and thickness are treated as constant over the 
individual sections. Among other factors, the magnitude of the force on the turbine blade is a 
function of the geometry, sectional aerodynamic properties, and the local relative velocity at 
the blade element. 
 
To validate the ability of the momentum source model to simulate wind turbines in a flow field, 
the NREL combined phase II experimental wind turbine was simulated. The NREL phase II 
turbine is a downwind, horizontal axis wind turbine with a rated power capacity of 20 KW. It 
has three blades of rectangular plan-form (i.e., constant chord). This fixed pitch turbine has 
non-twisted blades and rotates at a constant RPM. The turbine directly faces the free-stream 
and there is no yaw angle. Simulated power values are a good representation of the 
experimental measurements (Figure 1.2c.11). 
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Figure 1.2c.11: Comparison of simulated and measured power generated by NREL wind-
turbine. (Present simulations ( ) and experiments ( )). 
 
Details of the flow field behind the NREL turbine were provided with the simulations. Figure 
1.2c.12 shows wake swirl patterns from the NREL turbine at several planes downstream from 
the turbine. 
 
 
Figure 1.2c.12: Plots showing development of wake swirl behind the NREL wind turbine. 
 
The evolution and interaction of the turbine wake in a complex terrain was also simulated. In 
this case, two NREL horizontal axis wind turbines are placed on top of the Askervein hill. 
Looking at the hill layout in Figure 1.2c.9, the terrain has a sharp ridge like feature along the 
major axis B-B. The turbines are placed along this ridge line. The purpose of this simulation was 
to analyze the turbine performance, flow-field features like wakes, and the blade loading in the 
case of multiple turbines. As shown in Figure 1.2c.13, the wake region behind the turbine is 
clearly visualized by the lower velocity regions and the counter-clockwise swirl induced by the 
spinning turbine is visible from the twisting of the streamlines. 
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Figure 1.2c.13: Two wind-turbines on a complex terrain.  
 
The new IRK-SIMPLER algorithm developed in this project allows for faster simulations (up to 80 
times faster than traditional algorithms commonly used today) while also achieving a more 
accurate solution than the RK-SIMPLER algorithm. These results are shown in Figure 1.2c.14 and 
Table 1.2c.1, where C-N is the traditional SIMPLER algorithm with Crank-Nicolson integration, 
RK is the RK-SIMPLER algorithm, and the various IRK methods are different variations of the IRK-
SIMPLER algorithm. 
 
Figure 1.2c.14: Comparison of runtime for wind turbine simulation. 
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Table 1.2c.1: Comparison of the maximum allowable time step, time step required for 
accuracy, runtime or CPU time, and speedup for different algorithms (C-N is the 
traditional SIMPLER algorithm with Crank-Nicolson integration, RK is the RK-
SIMPLER algorithm, and the various IRK methods are different variations of the 
IRK-SIMPLER algorithm).  
 
 
Using the new efficient IRK-SIMPLER algorithm, unsteady simulations of a wind turbine with 
two different spatial discretization methods show the ability to capture the tip and hub vortices 
being produced by the wind turbine rotor (Figure 1.2c.15). The Power Law scheme is dissipative 
and does not capture the vortices well for the relatively coarse grid used, but the QUICK 
scheme is able to capture the vortices on the same coarse grid. 
 
Figure 1.2c.15: Comparison of Power Law (left) and QUICK (right) schemes for an unsteady 
wind turbine simulation. 
 
In support of the major goal of understanding the physics governing dynamic stall on wind 
turbines, quantification of the vorticity transport mechanisms for a nascent dynamic stall vortex 
have been characterized experimentally to reveal a complex interdependence between the 
evolution of the separated vorticity field near the leading edge of the blade, the blade surface 
pressure distribution in the vicinity of the leading edge, and the accumulated distribution of 
secondary vorticity (of opposite rotational direction to that of the dynamic stall vortex). The 
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relationship is explained in Figure 1.2c.16. The pressure distribution (Figure 1.2c.16a) reveals a 
local minimum in pressure evolving beneath the growing vortex structure (Figure 1.2c.16b-e).  
Strong adverse pressure gradients (magnitude indicated by the length of the vertical red bars in 
Figure 1.2c.16b through e) generate secondary vorticity (red isocontours). However, at the 
early stages (b, c), there is no accumulation of secondary vorticity because its interaction with 
the primary (blue) vorticity leads to mutual destruction of both signs of vorticity (blue and red). 
Ultimately, the connection between the growing vortex and the attached boundary layer 
downstream is severed, leading to the rapid accumulation of secondary vorticity (Figure 
1.2c.16e). The establishment of the secondary vortex, in turn, creates a pressure plateau 
upstream of the vortex (Figure 1.2c.16a), which limits subsequent creation of secondary 
vorticity. Based on this understanding of the vortex development, models are being developed 
for control of the dynamic stall process through the introduction of three-dimensional fluxes of 
vorticity, which will inform three-dimensional blade design. Understanding these interactions 
form the foundation for the application of passive or active flow control strategies for 
mitigating the adverse effects of dynamic stall.  
 
Figure 1.2c.161: Illustration of the initial stages of dynamic stall vortex development on a 
canonical plunging flat-plate geometry. The plate is moving down throughout 
the data shown here with the entire stroke occurring over phase angles (𝜙𝜙) 
between -90° and 90°.  
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In support of the major goal of understanding the nature of wake interactions, the team 
continued to refine and perform experiments on the scale model wind turbine shown in Figure 
1.2c.17.  The baseline model is comprised of blades designed using the S809 wind turbine blade 
section, which is designed for use at much larger scales. 
 
       
Figure 1.2c.17: Images of the refined, scaled wind turbine model. 
 
Test results for the S809 rotor with a 3 degree pitch (Figure 1.2c.18a, b) and 6 degree pitch, 
(Figure 1.2c.18c, d) are displayed below. Figure 1.2c.18a, c shows the tip speed ratios of all 
three tests, which were comparable to those of full-scale wind turbines. Figure 1.2c.18b, d 
shows additional results for the loaded rotors. As expected, the highest tip speed ratio was 
achieved by the freely spinning rotor. The highest tip speeds achieved by the loaded rotors 
were at the maximum wind velocity of 21.17 m/s. This is also the point of highest efficiency, 
power, and torque within the parameters tested. In order to maintain Mach numbers below 
0.3, tests were run at velocities below 22 m/s. In the free-spin tests using the 6-degree-pitched 
rotor, the bearings exhibited signs of failure, which would limit the tip speed ratio, as seen in 
Figure 1.2c.18c. In tests with generator load, the rotor pitched at 6 degrees had a higher tip 
speed ratio than the rotor at 3 degrees, and also produced more power. This is due to the early 
onset of blade stall at low Reynolds numbers, which are limited due to the small scale of the 
models. Overall efficiency of the rotors was low due to scaling effects, which is to be expected. 
Comparisons with full-scale data from the NREL Phase VI experiment are underway. 
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(a)  (b) 
 
(c) (d) 
Figure 1.2c.18: Performance data for the model turbine with the S809 airfoil blades.  (a,b) 3-
degree pitch, (c,d) 6-degree pitch. 
 
The scale model wind turbine developed in this project incorporates a highly sensitive 
force/moment transducer to measure rotor thrust, an optical encoder to measure rotor speed, 
and an external electronic DC load device to deduce rotor torque from the BLDC electric motor 
by relating torque to current in a calibration procedure. With thrust, torque, and rotor speed 
known, the performance of the wind turbine can be characterized. Additional scale model 
rotors consist of the SD7003 low-speed airfoil, and a flat-plate (which is known to perform 
better than most airfoil sections at very low Reynolds numbers). All blades have the same taper 
and twist profiles. This will enable us to compare the effect of airfoils in and out of their 
Reynolds number regime on scale model turbines, to better understand how to minimize and 
address scaling effects on model rotors. 
 
Wind Energy (WE) Platform: Drivetrain Design Optimization Plank 
The reliability based design optimization (RBDO) of wind turbine blades was modified to 
account for the wide spatiotemporal wind load uncertainty in a wind turbine drivetrain design 
optimization. To incorporate wind load uncertainty, a wind load uncertainty model using the 
joint PDF of a 10-minute mean speed (V10) and turbulence intensity (I10) developed by Professor 
K.K. Choi’s team was incorporated into the gear design optimization procedure as shown in 
Figure 1.2c.19. 
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Figure 1.2c.19: Integrated wind turbine drivetrain design optimization procedure considering 
wind load uncertainty. 
 
A parallel computing procedure was established to reduce computational time of multiple 10-
minute drivetrain dynamics simulations under various wind scenarios characterized by V10 and 
I10 for each design candidate in the iterative optimization process. Furthermore, numerical 
efficiency of an implicit time integration scheme used in the dynamics simulation was improved 
by modifying the updating scheme for the Jacobian matrix of contact forces. Accordingly, 
computational time for one design iteration step involving 35 10-minute wind turbine drivetrain 
simulations became approximately four times faster than the previous code. 
 
The multibody drivetrain dynamics simulation model was validated against test data provided 
in an NREL report. As shown in Figure 1.2c.20, bearing force variations of planet gears are in 
good agreement with those of the test data. 
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Figure 1.2c.20: Comparison of simulation results with NREL test results (LaCava, W., et al., 
2012, “Determining Wind Turbine Gearbox Model Complexity Using 
Measurement Validation and Cost Comparison,” NREL/CP-5000-54545). 
 
The pitting contact fatigue model was enhanced such that a crack initiation stage can now be 
considered in the evaluation of the total number of load cycles to failure, defined when the 
subsurface-initiated crack reaches the surface. Furthermore, a comparative study on the 10-
minute contact fatigue damage calculation procedure was carried out. In particular, a 
procedure based on Miner’s rule and the one using an equivalent maximum contact pressure 
during a 10-minute load variation are compared, and both results agreed reasonably well with 
the simulation model used in this study. 
 
It was demonstrated by the gear tooth contact fatigue analysis that there exists an optimum tip 
relief that enables minimization of the greatest maximum contact pressure over the gear tooth 
surface as shown in Figure 1.2c.21a. Therefore, the contact fatigue damage can be minimized 
by finding an optimum tip relief as shown in Figure 1.2c.21b. With this observation, a design 
optimization problem was formulated to consider wind load uncertainty such that the total 
drivetrain weight (cost) can be minimized by optimizing the gear face width and tip relief 
simultaneously while ensuring a 20-year fatigue life. 
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 (a) (b) 
Figure 1.2c.21: Maximum contact pressure of a sun gear tooth: (a) effect of face width on 
maximum contact pressure on a sun gear and (b) effect of tip relief on 10-
minute fatigue damage. 
 
The deterministic design optimization (DDO) was carried out using the sequential quadratic 
programming (SQP) method in RAMDO software. As shown in Table 1.2c.2, the optimum design 
enables the reduction of the total weight (cost) while satisfying the 20-year fatigue life. Since 
the optimum tip relief can lower the greatest maximum shear contact stress on the tooth 
surface, the face width can be further decreased from the initial (reference) design without tip 
relief, even though the initial design does not meet a 20-year fatigue life. On the other hand, if 
only the face width is considered as a design variable, the face width of the sun gear has to be 
increased by 5% to meet the 20-year fatigue life constraint, resulting in an increase of weight 
from the initial design. 
 
Table 1.2c.2: Deterministic design optimization results. 
 Initial design Optimum design  w/o tip relief 
Optimum design 
w/ tip relief 
Face width (mm) 220 231 202 
Tip relief (m) 0 0 41 
Pitting fatigue life 15 years 20 years 20 years 
Normalized weight 1.000 1.047 0.916 
 
Using the optimum design obtained by DDO, the reliability analysis was carried out by 
considering the variability of design variables (i.e., sun gear face width and tip relief) within a 2σ 
range caused by manufacturing errors and variability of wind loads for 20 years. It was shown 
that the probability of failure of the DDO optimum design satisfying the 20-year fatigue life 
constraint is 50.5% as expected. 
 
To further reduce the probability of failure for the optimum design, reliability based design 
optimization (RBDO) is being carried out such that the target reliability can be met while 
minimizing cost of the planetary gear. This task will be completed by the end of August. 
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The RBDO optimum design was obtained as shown in Table 1.2c.3, which compares the random 
design variables, normalized cost (objective function), true cost, mass, and the maximum 
probability of fatigue failure at the RBDO initial design and the RBDO optimum design. The 
maximum probability of fatigue failure at the RBDO optimum design is 2.281%, so the target 
value of 2.275% has been met with the optimization convergence tolerance. Moreover, the 
probability of fatigue failure has been reduced from 50.06% at the RBDO initial design to 
2.281% at the RBDO optimum design, while the cost only increased by 3.01%. Therefore, a 
reliable, as well as cost effective, design has been obtained in this RBDO process. In spite of the 
small cost increase, the mass of the RBDO optimum design is increased by 10.95% compared to 
that of the RBDO initial design. The reason for the relatively large increase in mass is that the 
cheap but heavy composite material QQ1, which corresponds to the random design variables μ1 
– μ6, is applied more at the RBDO optimum design than at the initial design. Meanwhile, the 
expensive composite material P2B, which corresponds to μ7, is used 13.33% less at the RBDO 
optimum design than at the initial design. 
 
Table 1.2c.3: Comparison of the RBDO initial design and the optimum design. 
Random Design Variable RBDO Initial Design RBDO Optimum Design 
μ1 1.0000 1.1333 
μ2 1.0000 1.5708 
μ3 1.0000 1.8184 
μ4 1.0000 1.2990 
μ5 1.0000 1.1148 
μ6 1.0000 1.0913 
μ7 1.0000 0.8667 
Normalized Cost 1.0000 1.0301 
True Cost ($) 125605.49 129384.14 
Mass (ton) 21.8050 24.1917 
Maximum Probability of 
Failure (%) 50.06 2.281 
 
 
The optimization histories of the normalized cost and the maximum probability of fatigue 
failure were obtained and plotted in Figure 1.2c.22. During the first three iterations, the 
normalized cost is increased while the probability of fatigue failure is significantly reduced. The 
reason is that a significant amount of composite materials QQ1, which corresponds to μ1 – μ6, is 
added to the blade in order to increase the fatigue resistance of the blade. There is a peak at 
the fourth iteration of the history of the probability of fatigue failure. At that iteration, a new 
hotspot is identified; it has a larger probability of fatigue failure than other hotspots. Between 
the fourth iteration and eighth iteration, both the normalized cost and the maximum 
probability of failure are reduced, which shows that the RBDO process could find a more cost-
effective and reliable design by tuning the seven random design variables. 
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Figure 1.2c.22: Histories of normalized cost and the maximum probability of failure in RBDO. 
 
In studying materials used for wind turbine bearings, clear feed mark patterns were formed on 
surfaces treated in air, while surfaces treated in water appeared with a featureless texture. 
Laser–matter interaction was investigated for various materials under different confinement 
media. Phase explosion was determined to have happened for Al under both air and water 
confinement, which resulted in a remarkable increase in surface roughness by over 20-fold. This 
effect was not present during scanning of Cu specimens in both media due to its high critical 
temperature, low laser energy absorption, large critical bubble size, etc. Phase explosion was 
determined to have occurred for commercially pure titanium (cpTi) under water confinement 
but not in air. XPS analysis showed surface chemical composition changes due to the high-
temperature and high-pressure processing conditions. The surface chemical composition 
change was limited within the topmost 10-30 nm from the scanned surface under both water 
and air confinement, as shown in Figure 1.2c.23. 
 
 
Figure 1.2c.23: Chemical analysis on the depth profiles for Cu surface scanned with 0.4J laser 
pulses in water: a) CPS for Cu 2p; b) O 1s; c) mass/atomic concentrations of Cu 
2p and O 1s. 
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The ultrasonic welding simulations demonstrated that the process temperatures and 
deformation during the process was highly dependent on the welding time duration, as 
observed in Figure 1.2c.24. For a welding time duration longer than 0.8 sec, weld material 
underwent three different stages of severe plastic deformation, dynamic recrystallization, and 
grain growth. The final distributions of grain size and consequential microhardness were 
predicted based on the thermomechanical solution fields and agreed well with the 
experimental measurements. As shown in Figure 1.2c.25, through the experimental and 
numerical analyses, the microstructural evolution during ultrasonic spot welding was classified 
into three regimes:  
• For Regime I under a low processing temperature, severe plastic deformation (SPD) is 
the major mechanism to govern the material response and microstructural evolution. 
• For Regime II under a medium processing temperature, dynamic recrystallization (DRX) 
is the dominant mechanism for microstructural evolution as well as material flow stress 
response. 
• For Regime III under a high processing temperature, DRX and subsequent grain growth 
are the dominant mechanisms for microstructural evolution as well as material flow 
stress response. 
 
 
Figure 1.2c.24: Simulated deformed geometry under different welding durations compared 
with the experimental results. 
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Figure 1.2c.25: Comparison of the simulated temperature histories and peak temperatures: a) 
Temperature history in both welding and cooling step (welding time of 0.6 and 
1.0 sec); b) welding time effect on the simulated process temperatures. 
 
Molecular dynamic (MD) simulations are used to study lubrication between bearings in wind 
turbines for this project. The MD simulations were carried out with the Larger-scale Atomic 
Molecular Massively Parallel Simulator (LAMMPS) code. The schematic view of the simulation 
system is depicted in Figure 1.2c.26.  
 
    
 
Figure 1.2c.26: MD simulation system: (a) the thin film lubrication system in 3D view; (b) 
molecular system setup with boundary descriptions. 
 
The MD model has upper and lower Fe walls that confine the lubricant molecules within. For 
the purpose of this simulation, the solid walls were divided into six layers including upper and 
lower rigid layers, thermostat layers, and free layers. Linear alkanes with the chain length of 𝐶𝐶8 
were considered as the fluid film of lubrication. A chain of linear alkane is shown in Figure 
1.2c.27. 
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Figure 1.2c.27: Schematic diagram of a linear alkane chain with 8 molecules. 
 
There were a total of 1950 chains in the simulated model in Figure 1.2c.26. Under a high normal 
pressure, most industrial applications indicate a thin lubricant with the thickness of only several 
nanometers. In this study, the film with an initial thickness of about 5 nm was used to model 
the rheological and frictional behavior of the lubricant. In the MD simulations, the alkane 
molecules were modeled via an optimized United Atom (UA) potential TraPPE-UA, and the Fe 
atoms in the solid walls were modeled by the embedded atom method (EAM) potentials. The 
non-bonded interaction between alkane molecules, as well as the liquid-solid interaction, were 
modeled through the Lennard-Jones (L-J) potential with the Lorentz-Berthelot combination 
rules.  
 
The presence of nanoparticles within the lubricant (debris) was also studied here, with the 
lubricant remaining in the elastohydrodynamic lubrication mode. The nanoparticles were large 
enough to contact the two walls, and the nanoparticle material was chosen to be the same as 
the wall material, which was Fe (EAM potential). The L-J potential function was used for the 
interaction between a nanoparticle and the solid walls. The mixing rule was applied for the 
interaction between the nanoparticle and the alkane chains. A schematic view of the 
nanoparticle model is depicted in Figure 1.2c.28. In this simulation, a chain length of 𝐶𝐶8 was 
considered for the fluid film and 14,040 atoms were used for the lubricant molecules. 
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Figure 1.2c.28: Schematic view of the thin film lubrication model in the MD simulation with 
the presence of debris (an Fe nanoparticle). 
 
The density profiles of the lubricant under two different normal pressures are shown in Figure 
1.2c.29, which gives a clear layering structure. The lubricant in the middle seems to remain in 
its bulk state. It suggests that the confining effect decays towards the inner layers. In addition, 
the density profiles exhibit an asymmetry, this is due to the normal motion of the upper 
boundary layer while the lower boundary layer is fixed in the vertical direction. As mentioned 
before, the united atoms include CH3 and CH2 in the linear alkane chain have a corresponding 
atom mass. The volume confined between the walls was used to calculate the average density. 
Figure 1.2c.29 also shows that the density becomes larger in some areas near the walls. It is 
expected that the fluid thickness is smaller for larger normal loads. 
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Figure 1.2c.29: Density profile of the linear alkane confined by surfaces. 
 
The friction force under a prescribed normal load can be obtained in the MD simulation by 
summing the forces exerted on the atoms of the free layer and thermostat layer in the 
longitudinal and vertical direction, respectively. The friction forces under different normal loads 
are shown in the Figure 1.2c.30. Generally, the friction coefficient can be calculated by 
 µ = F
P
 (1.2c.1) 
where F is the friction force and P is the externally applied load. 
 
Linear functions are used to fit the data in Figure 1.2c.30 via MD simulations to determine the 
coefficient of friction, where the slope of the curve indicates the coefficients of friction. For the 
lubricant without debris, the friction coefficient is 0.0483. The obtained coefficient of friction is 
similar to the typical friction coefficients for many elastohydrodynamic lubrication problems. 
The friction coefficient calculated from the molecular model will then be passed to the fatigue 
life prediction model at the continuum level. Figure 1.2c.30 also shows that the lubricant with 
debris will cause more friction forces and a larger friction coefficient.  
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Figure 1.2c.30: Friction forces vs normal forces with or without debris (nanoparticles). 
 
In this study, the fatigue life at crack initiation was predicted via the continuum mechanics 
approach. The rolling contact model, shown in Figure 1.2c.31, included the rolling element (i.e., 
the roller) and the bearing inner race. The rolling element was modeled as a rigid body while 
the bearing inner race was assumed to be made of a homogeneous and isotropic material. In 
addition, the bearing was assumed to be free of imperfections or damages. The stress analysis 
of the rolling contact model was conducted in the finite element (FEM) framework through 
ANSYS parametric language with a moving Hertzian contact load as shown in Figure 1.2c.31. 
Since cylindrical rollers were considered, a two-dimensional model was used here. In addition, 
the curvature of the bearing inner race was much smaller than the curvature of the roller; the 
contact surface was then considered as flat in the finite element model. The simulation 
included two steps. First, the normal load was applied to have contact between the roller and 
the surface of the 2D model. Second, the roller moved in the X-direction while the contact load 
was applied. It should be noted that the enforced friction coefficient of 0.0483 was calculated 
via MD modeling and simulation described above. During the simulation, the stress state at 
each node was calculated at each step of the moving Hertzian contact loading, and then the 
stress history for each node in one Hertzian contact loading cycle was obtained. In this study, C-
Mn Steel SAE1561 was selected as the material for the bearing inner race. The material 
properties are listed in Table 1.2c.4. The strain-life (E-N) fatigue data for this simulation is 
shown in Figure 1.2c.32.  
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Figure 1.2c.31: Schematic of the finite element model and cyclic Hertzian contact load through 
an analytical rigid body on the surface. 
 
Table 1.2c.4: C-Mn Steel SAE1561 material properties used in the rolling contact model 
described in Figure 1.2c.23. 
Description   
Yield strength (MPa) YS 447 
Ultimate tensile strength (MPa) UTS 836 
Elastic Modulus (MPa) E 2.07E5 
Fatigue strength coeff. (MPa) Sf’ 1278 
Fatigue Strength exponent b -0.11 
Fatigue ductility exponent c -0.54 
Fatigue ductility coeff. Ef’ 0.53 
Cyclic strain hardening exponent n' 0.19 
Cyclic strength coeff. K’ 1448 
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Figure 1.2c.32: Strain-life fatigue data for C-Mn Steel SAE1561. 
 
The shear and Von-Mises stresses at seven points under the surface are shown in Figure 
1.2c.33. The distances of the points are calculated from the contact surface. For example, the 
point at y = 0.167 mm is the deepest point of study in this case. Since the trends for all the 
loads are similar and only the magnitude of the stresses are different, results for only one load 
case (Pmax = 1000 MPa) is shown in Figure 1.2c.33. As shown, as one goes farther from the 
contact surface (deeper into the rigid surface of Figure 1.2c.31), the shear stress is increased 
until the point at y = 0.167 mm, and then the shear stress starts to decrease. In contrast, the 
Von-Mises stress (Figure 1.2c.33b) decreases with the depth from the surface. 
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(a)     
(b)     
Figure 1.2c.33: Stress cycles under the contact surface for Hertzian pressure of Pmax = 1000 
MPa: (a) shear stress and (b) Von-Mises stress. 
 
Based on the material fatigue data shown in Figure 1.2c.32 and the strain-life fatigue 
calculation approach, it can be derived that no fatigue life will be observed when the Hertzian 
load is lower than 3000 MPa. The fatigue crack initiation life at different locations below the 
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contact surface were analyzed as shown in Figure 1.2c.34. The figure indicates the fatigue crack 
initiation life (i.e., the number of loading cycles) of this bearing is about 5,000,000 cycles when 
the applied normal pressure is 3000 MPa. The initial fatigue crack occurs at the location of y = 
0.08 mm under the contact surface.  
 
(a)      (b)  
(c)      (d)  
Figure 1.2c.34: Number of loading cycles (×107), when the initial crack appears at the observed 
material points (a) Pmax = 3000 MPa; (b) Pmax = 4000 MPa; (c) Pmax = 5000 MPa; 
(d) Pmax = 6000 MPa. 
 
Most particle methods, including the smoothed particle hydrodynamics (SPH) method, have 
numerical difficulties with instabilities and inconsistencies. There are many algorithms to 
correct for the particle inconsistencies which cause a low approximation accuracy in the particle 
methods. However, most of the algorithms only enforce the essential boundary conditions, and 
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few can deal with the inconsistency due to irregular particle arrangement, especially when 
solving the problem within an irregular solution domain. To address this complication, the 
centroid Voronoi tessellation (CVT) topology optimization method was implemented, so that 
the SPH particles, which are generated randomly inside a predetermined domain, can be 
moved to the centers of their associated voronoi cells. After several iterations, the SPH particles 
were then uniformly distributed globally or locally as shown in Figures 1.2c.35 and 1.2c.36, 
respectively.  
 
(a)      (b)  
Figure 1.2c.35: Smoothed particle hydrodynamics (SPH) particles and their associated voronoi 
cells in a square domain: (a) Random initial particle arrangement; (b) Uniformly 
distributed particle arrangement after applying the centroid Voronoi 
tessellation (CVT) method. 
 
(a)  
Figure 1.2c.36: SPH particles with fine "mesh" around crack tips: (a) Random initial particle 
arrangement; (b) Uniformly distributed particle arrangement after applying the 
CVT method. 
 
Approximation of the function, f(x, y) = x2+y2 was conducted using various SPH methods to 
demonstrate the correction of the particle inconsistency by the implementation of the CVT 
(b) 
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topology optimization method. A unit square domain was considered. During mesh generation, 
100 randomly distributed particles were generated, and then the centroid Voronoi topology 
optimization was applied to rearrange and optimize particle locations. Figure 1.2c.37 illustrates 
the results from different approaches to approximate the function f(x, y) = x2+y2 in the unit 
square domain compared with the exact solution as shown in Figure 1.2c.37a. Figure 1.2c.37b 
shows the approximation using the conventional SPH method with the initial particle 
arrangement. Then, a commonly-used corrected SPH method, Chen-Beraun correction or the 
so-called CSPM method, was used but with the initial particle arrangement; this result is shown 
in Figure 1.2c.37c. At last, the CSPM method with the optimized particle arrangement was 
performed to obtain the result in Figure 1.2c.37d. 
 
(a) (b)  
(c) (d)  
Figure 1.2c.37: Approximation results of f(x,y) = x2+y2 with 100 SPH particles: (a) Exact 
solution; (b) The SPH with randomly located particles; (c) The CSPM with 
randomly located particles; (d) the CSPM with optimized particles. 
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It can be seen that the results were inconsistent with both the SPH method and the CSPM 
method with randomly located particles. Although the CSPM partially corrected for the 
inaccuracy at the boundary, it still suffered the inconsistency due to the irregular particle 
arrangement. Figure 1.2c.37d was the approximation when the optimized particle arrangement 
was used. It showed that the inconsistency was corrected with the optimized particle 
arrangement. It should be noted that although the CSPM could only partially correct the 
inaccuracy on the boundaries, other common treatments to enforce the boundary conditions 
would be easily applied to solve this matter. 
 
It has been shown that particle methods with stress points were more stable than the ones 
using nodal integration. Conventional SPH approximations only use SPH particles, and resulted 
in the so-called tensile instability. A new approach of using stress points was introduced to 
assist SPH approximations and stabilize the SPH methods. Some researchers introduced stress 
points in the SPH method; as a difference in this new approach, the stress points and the SPH 
particles were used together to discretize the momentum equations for calculating the 
velocities of SPH particles only.  
 
The stress points were located on voronoi vertices after the SPH particles were uniformly 
distributed via the CVT topology optimization method as described above. Figure 1.2c.38 shows 
the optimized locations of SPH particles (red dots), the Delaney triangulation, and Voronoi cells 
for each particle. It should be noted that locations of particles were first optimized by the CVT 
topology optimization method, and then the Voronoi diagram was used to find the coordinates 
of the stress points which were located on the Voronoi vertices (blue dots). The stress points 
were introduced only to assist the internal nodal force computation for solving the discretized 
equations of motion.  
 
 
Figure 1.2c.38: SPH particles and stress points. 
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To test the stress point integration based on the CVT topology optimization method, a 
rectangular slab under tension was considered. The slab was 30 mm long and 10 mm high, and 
under tension on both sides as shown in Figure 1.2c.39a. Since elastic material was considered, 
the structure didn't have physical fracture behavior. However, fracture occurred in the 
conventional SPH simulation as shown in Figure 1.2c.39b. This was the result of the so-called 
tensile instability. With the assistance of stress points, Figure 1.2c.39c shows that the tensile 
instability was eliminated. It should be noted that only elastic behavior was considered here to 
demonstrate the numerical stability via stress point integration. In addition, the uniform 
particle arrangement was applied in the initial configuration so the CVT topology optimization 
method was not needed. 
(a)  
 (b)  
 (c)  
Figure 1.2c.39: A two-dimensional slab is under tension: (a) initial configuration; (b) deformed 
configuration via the conventional SPH method; (c) deformed configuration via 
the SPH method with stress points. 
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Peridynamics is a relatively new numerical method in which integrals instead of derivatives are 
used in the governing equations. It is useful for solving problems involving spontaneous 
formations of discontinuities without any special treatment on the discontinuities because 
spatial derivatives are eliminated in the peridynamics theory. In bond-based peridynamics, a 
pairwise force function is used to describe the interaction between two material points. As an 
example of peridynamics, the displacement fields of a rectangular plate with a central finite 
crack under uniaxial tension was calculated via peridynamics. The peridynamics solutions were 
compared with those from finite element simulations. Figure 1.2c.40 shows that the two 
solutions agree with each other. Indeed, the peridynamics method was a molecular dynamics-
like numerical method, so it was natural for peridynamics to simulate material failure behavior. 
This method will be used in future simulations by Dr. Shaoping Xiao’s group. 
(a)     (b)  
 (c)     (d)  
Figure 1.2c.40: Displacement fields of a plate with a central crack: (a) x-displacements using 
the finite element method; (b) x-displacements using the peridynamics 
method; (c) y-displacements using the finite element method; (d) y-
displacement using the peridynamics method. 
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Wind Energy (WE) Platform: Green Energy Grids Plank 
The optimal power flow (OPF) problem over distribution networks was augmented by including 
storage variables to build a meaningful “extended” OPF problem, and proved its second-order 
cone programming (SOCP) relaxation to be exact. As a result, a nonlinear nonconvex problem 
can efficiently be solved via solving its SOCP relaxation and guarantee the global optimality of 
the solution. This “extended” OPF problem can be considered as a “subproblem” when 
formulating certain mathematical optimization problems in a broader view, which would take 
power flow equations and storage devices into considerations. A good example might be a 
mathematical optimization model which integrates renewable energy (such as wind, hydro, and 
solar) into the current power grid.  
 
A new simulation-based optimization framework for solving the network design problem was 
also developed. It was composed of the cross-entropy method and two statistical procedures 
developed based on the concepts of ranking and selection, to improve the sampling efficiency 
of the Monte Carlo simulation. The two statistical methods were (i) sequential selection of the 
best subset (SSBS) and (ii) duplicate generation (DG). The purpose of this framework was to 
change the focus of the Monte Carlo simulation from an accurate evaluation of all the systems 
searched, to one concerned only with the relative rankings of the system reliability estimates. 
Altogether, this framework showed shorter runtimes and smaller sample sizes in comparison 
with the standard cross entropy approach, on the order of 500%-1500% over the randomly 
generated example networks.  
 
 
Energy Utilization (EU) Platform: Green Community Campaign Plank 
Evaluation of data analyses suggests that the social marketing intervention had very modest 
success at changing some targeted behaviors (e.g., LED usage) but not others (e.g., changing 
furnace filters, obtaining home energy audits). Awareness of the campaign and its messaging 
was also moderately successful, suggesting that modest behavior change may have been due to 
modest awareness at the community level. 
 
New community-level social science research: 
Iowa NSF EPSCoR helped fund a UNI pilot program, “Get Energized, Iowa!” which is a 
community outreach research program run by Dr. Jack Yates and Carole Yates and 
implemented in partnership with David Osterberg of the Iowa Policy Project. The project was a 
year-long energy reduction competition between the four small Iowa communities of Hudson, 
Dike, Fairbank, and Readlyn. These communities are all natural competitors in high school 
football. By the end of the 2012 competition, all four communities had saved substantial 
amounts of gas and electricity, up to 12 percent. According to Jack and Carole Yates, this was 
much larger savings than that achieved by other energy reduction programs. The team then 
conducted a follow-up survey in 2014 that found the energy savings from the competition 
persisted, behavior changes were maintained, and in some cases people decreased their energy 
consumption even further after the competition. Results were presented at the Behavior 
Energy and Climate Conference (BECC) in fall 2015. 
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As part of an Iowa NSF EPSCoR collaborative seed grant, Dr. Mary Losch and Pat Higby at UNI 
developed a collaboration with Dr. Mack Shelley at ISU to investigate community factors 
impacting Iowa’s power transmission of wind energy. The seed grant funded both an extensive 
literature review and a qualitative focus group study to provide preliminary information about 
public perceptions of wind energy and energy transmission lines. ISU student Samantha Haase, 
a senior in political science and mentored by Shelley, focused on NIMBY (Not In My Backyard) 
issues, which are reasons that landowners or other relevant parties might oppose the 
construction of wind energy farms or other apparatus on their land. Haase is now a graduate 
student at Georgetown University. 
 
Losch trained focus group moderators from UNI’s Center for Social and Behavioral Research 
(CSBR) to lead two, 90-minute focus groups. One group included adult Iowans from Black Hawk 
County who represented the general public, while the second group consisted of Black Hawk 
County farmers, landowners, and operators. The moderators first encouraged focus groups to 
have a conversation about general renewable energy and wind energy issues before focusing in 
on issues that emerged about wind farms and transmission lines. 
 
Due to the nature of this kind of qualitative research, the results are not generalizable to all 
Iowans, but the focus group data was valuable for understanding the breadth and type of 
concerns people hold. They were, however, able to categorize themes that emerged from the 
focus groups into sections concerning general perceptions about wind energy, wind energy 
knowledge, support for/opposition to wind energy, wind transmission lines and wind energy 
policy views. These findings will provide a foundation for additional work to verify that the 
views found are shared in other locations and across a cross-section of Iowans. 
 
 
Energy Utilization (EU) Platform: Building Science Plank 
Experiments at Interlock House for CFD validation: 
Almost 40% of the energy usage in the US is used in buildings and about 48% of that goes to 
heating and cooling of interior spaces. Natural ventilation is an important factor in the design of 
sustainable buildings; it has the potential to improve air quality, while providing thermal 
comfort at reduced energy costs. 
 
Computational Fluid Dynamics (CFD) simulations have been used extensively this past year to 
study natural ventilation flows because it provides comprehensive information on the flow 
pattern inside buildings and parameters needed to calculate comfort and efficiency. CFD can 
also be used as a tool to explore different scenarios and determine optimal configurations, 
loads, and operating conditions. Most of the previous research performed in this area focuses 
on a single room like the atrium or façade of a building, and most of them will validate their 
numerical model with a scaled model building. The present work offers insight of natural 
ventilation in a fully functional, highly instrumented building (the Interlock House) with some of 
its furniture included. It provides a unique opportunity to study natural ventilation under 
different weather conditions with actual response of the flow inside the building. 
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Experiments were conducted in summer and fall; measurements of wall temperatures and inlet 
and outlet temperatures and velocities were used as boundary conditions to the simulations. In 
addition, temperatures at different heights of each room were measured for validation. Both 
experiments were performed at night to remove solar radiation effects for a time period of 
approximately eight hours. A total of 12 thermistors provided wall temperature, compared to 
60, for the second experiment, giving the fall experiments a more comprehensive wall 
temperature distribution. Additionally, weather stations located outside the building gathered 
data of air speed, direction, and temperature. Experimental data were analyzed to determine a 
ten-minute period with uniform data. The period with the lower standard deviation was 
selected and averaged for the boundary conditions and validation data.  
 
For the numerical simulations, a buoyancy heat transfer steady-state model with a RANS 
turbulence model was used. Specifically, the k-ω-SST turbulence model was implemented in the 
open source program package Open Field Operation and Manipulation (OpenFOAM®). The 
simulations used High Performance computing (HPC) clusters with hundreds of processors for 
an average domain discretization of 8 million cells.  
 
Preliminary results show good agreement between the numerical simulations and experiments 
of the vertical temperature profiles for each room. As expected, the profiles of the rooms with 
the inlet opening showed a more pronounced variation in temperature and an average lower 
temperature than the other rooms. Flow patterns showed higher velocities near the walls and 
marked flow distribution towards the opposite side of the building. The room in the enclosed 
space had the smallest temperature variation and air circulation. The inclusion of some basic 
furniture and other features, such as book shelves and kitchen countertops, gave a more 
realistic circulation pattern along the walls. Further extensions of this work include different 
inlet/outlet configurations for the weather conditions collected during both experiments. 
 
Whole building energy simulation of the Interlock House with DesignBuilder: 
The energy modeling activity of the Interlock House was divided into 5 parts:  
1. Verify building envelope thermal performance after built. 
2. Create epw format weather data for EnergyPlus with onsite measurements. 
3. Survey to quantify the internal heat load and occupants behavior. 
4. Calibrate conventional AC cooling system. 
5. Calibrate solar hot water and radiant floor system. 
 
Part 1 was completed in the end of Year 4. The designed data were corrected with the Interlock 
House envelope material/product performance as purchased. As of April 2016, Part 2-4 are 
completed, and work on part 5 is ongoing. 
 
For whole building energy simulations, all 5 parts were connected to create a HVAC load (part 
1, 2 and 3) and HVAC demand (part 4 and 5). For the weather data (Part 2), five weather 
elements that characterize the typical monthly weather data were considered as the most 
important weather information to simulate solar energy conversion systems and building 
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systems. They were: (i) global horizontal radiation, (ii) direct normal radiation (DNI), (iii) dry 
bulb temperature, (iv) dew point temperature, and (v) wind speed. Unfortunately, direct 
normal radiation was not measured onsite and data from different sources show a certain 
variation (Figure 1.2c.41). The energy model maintained the DNI data constant and identical to 
the typical meteorological year (TMY) values. The other weather data were modified to the as-
measured values. The impact of different weather data on energy modeling will be discussed in 
a paper currently under preparation. 
 
 
Figure 1.2c.41: Comparison of DNI from the National Solar Radiation Database (NSRDB) and 
Weather Analytics data. 
 
For Part 3, the research team visited the Interlock House frequently to obtain a good 
understanding of the devices and activities in the house. The biggest uncertainty was from the 
occupant’s behavior. It is possible to get a good understanding of when the house is open or 
closed to the public from the visitor center schedule. It is unknown, however, how many 
visitors are in the house at a specific time and how to quantify the related impact on the energy 
model input. For example, what affect does repeated opening and closing of the entry door 
have on the uncertainty of the building airtightness? Figures 1.2c.42 and 1.2c.43 show that the 
air tightness can make a big difference in the simulation results. Although the Interlock House 
was built to be air tight, it is unknown how many times the occupants leave and enter the 
house (opening doors can cause an air leak), and whether the visitors leave the door open for a 
certain period of time when there is a group visiting. Such operation is a possibility, but were 
not recorded on an everyday basis. One researcher from the team stayed in the Interlock 
House, together with the house occupants during the summer of 2015, and created a detailed 
log about the house operation and occupancy. The detailed schedule and an estimated 
compact schedule will be used as EnergyPlus input. The modeling uncertainty from this part will 
also be discussed in a paper currently being drafted.  
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Figure 1.2c.42: Comparison of simulated and measured cooling consumption at 0 ach air 
tightness. 
 
 
Figure 1.2c.43: Comparison of simulated and measured cooling consumption at 5 ach air 
tightness. 
 
The main issue for the Interlock House cooling energy calibration was the great variance among 
different hours, which cannot be duplicated by simulation (Figure 1.2c.44); this causes an 
interesting compliance issue. The American Society of Heating, Refrigerating, and Air-
Conditioning Engineers (ASHRAE) Guideline 14-2002 requires that the simulated quantities be 
summed over the exact same number of days as the meter was read for the bills. According to 
ASHRAE, acceptable tolerances for this comparison can range from ±10% for mean bias error 
(MBE) to ±30% for coefficient of variation of root square mean error (CVRSME) of the bill’s 
represented energy use and/or demand quantity when using hourly data, or 5% to 15% using 
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monthly data. Currently, the cooling system hourly MBE is 15.48%, and CVRSME is 86.80%. 
Obviously, it does not meet the ASHRAE guideline for hourly simulations. However, the MBE 
and CVRSME decrease with summing the daily total cooling electricity (Figure 1.2c.45) and 
eventually meet the 5% to 15% using the monthly data. Possible reasons for the big variance of 
hourly data are:   
• Human behavior is hard to summarize in the modeling schedule, especially in a house 
with only two occupants and uncertainty in the number of visitors for most of the time. 
• Direct solar heat gain data are not measured onsite and the national solar radiation 
database is not updated with the most recent data. 
• The calibration method of a small size building like the Interlock House needs to be 
discussed separately from medium-to-big size commercial buildings.  
The research team is continuing to explore advanced calibration methods to minimize the 
difference between the measured values and simulations. 
 
 
Figure 1.2c.44: Measured and simulated hourly total cooling electricity needs of with a 50 m2 
and 300 m2 internal thermal mass. 
 
 
Figure 1.2c.45: Measured and simulated daily total cooling electricity with 1200 m2 internal 
thermal mass. 
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For the hot water heating system, again, human behavior was causing a large hourly data 
variance. It was difficult to track when and how much hot water was consumed by the 
occupants. Simulations were completed with an average hourly value from the measurement 
results in the backup heater running longer at a lower intensity (Figure 1.2c.46). 
 
 
Figure 1.2c.46: Measured and simulated electricity needs for hourly total daily hot water.  
 
Space heating using the radiant floor system of the Interlock House was simulated with some 
work-arounds. The single solar tank was simulated using three individual components: (i) a 
solar water tank, (ii) an auxiliary water tank, and (iii) a boiler. By adjusting each component, the 
energy consumption of the system responds accordingly, allowing the simulation to capture 
some hourly variation (Figure 1.2c.47). Currently, the main issue is the simulated indoor 
temperature is too stable and does not capture the passive solar heating during the day, and 
the radiant floor backup heater consumption is not as high as measured. Possible reasons for 
these variations include:  
• The thermal mass added for the summer cooling is too high for the winter scenario;  
• The radiant floor heat exchange with the space is not efficient enough.  
The model is currently being improved in these two directions.  
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Figure 1.2c.47: Measured and simulated hourly total backup space heating electricity 
requirements. 
 
Database development with Microsoft SQL Server: 
Persistent monitoring of indoor air quality (IAQ) within and around buildings and structures is 
critical to reduce the risk of indoor health concerns. Specifically, IAQ issues in large integrated 
buildings may stem from inadequate ventilation and/or faults in the complex HVAC systems 
that together, with control and communication systems, can be considered a complex Cyber 
Physical System (CPS). A data-driven framework for monitoring distributed complex CPSs was 
used that reliably captures cyber and physical sub-system behaviors as well as their interaction 
characteristics. Using such learning methods, the anomalies and faults at were identified at an 
early stage such that necessary mitigation measures could be pursued in time. A fault in the 
HVAC system may be due to both physical and cyber anomalies affecting the operational goals 
of the building system. The proposed technique involves modeling of cyber and physical entities 
using probabilistic graphical models that capture individual characteristics of the sub-system 
and causal dependencies among different sub-systems. The proposed model can be trained 
using nominal historical data and then can be used to monitor the HVAC system and IAQ during 
regular operation. The method was validated with a case study on an integrated “zero-energy” 
(low energy/high performance) building, the Interlock House experimental test bed that was 
developed as part of the Iowa NSF EPSCoR project and maintained by the Center for Building 
Energy Research (CBER) at ISU. The database used in this effort will be released over the 
summer 2016 (before the end of the Iowa NSF EPSCoR reporting year). 
 
Continuous data collection at the Interlock House: 
The official year of energy monitoring at the Interlock House started on June 16, 2015. The net-
to-grid energy reading is electricity yielded from the PV panels less the electricity consumption 
from the Interlock House. Figure 1.2c.48 shows the accumulated electricity balance for the 
Interlock House since the monitoring year started. Since the beginning of the official monitoring 
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year, the house had a positive electricity balance until early January 2016. The peak energy 
supply to the grid was in mid-November 2015, caused by an increased solar radiation level and 
low energy consumption at the house. In January, the net-to-grid value went negative because 
more heating was needed during cloudy January and February days and long winter nights. In 
March 2016, more energy was being supplied to the grid, causing the net-to-grid value to be 
less negative and slowly rise. It is anticipated that over the entire monitoring year, the net 
electricity flow will be zero (or slightly positive), making the Interlock House a net-zero energy 
home. 
 
 
Figure 1.2c.48: Accumulated electricity balance for the Interlock House, starting June 16, 2015, 
where the accumulated value is the electricity from the PV panels minus the 
house electricity consumption. 
 
Natural ventilation comfort study: 
Through detailed monitoring and analysis of how occupants use energy in buildings, insight into 
energy efficient operation and control methods can be developed alongside human comfort 
indicators. Maintaining human thermal and visual comfort in passively ventilated and 
conditioned homes is a multi-sensory experience and requires a dynamic interaction between 
the occupant and the building. Five 60-hour operation experiments were carried out by the 
research team in a community design research lab during summer 2015. The goal of these 
experiments was to keep the buildings operational temperature within the adaptive comfort 
zone provided by ASHRAE 55 and thus minimize the need for active system use. The 
researchers kept a detailed operation log recording the time stamps of different operations in 
the lab. A trained energy simulation model was used to predict cooling energy consumption 
without these operations. Compared to house measurements, the energy impact of different 
operations were quantified as an additional indicator. Based on the measurements, a series of 
experimentally validated operational control strategies for a hybrid designed lab located in a 
climate with warm and humid summers were determined. Weather dependent operational 
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strategies and their energy efficiency were provided to enhance the relationship between 
people and buildings. This approach could lead to more energy efficient behaviors as well as 
more responsive systems of control. This work was published and presented at the Proceedings 
of 9th Windsor Conference Making Comfort Relevant, April 7-10, 2016, Cumberland Lodge, 
Windsor, UK. 
 
Natural ventilation parametric study: 
Members of the Building Science team investigated the impact of spatial composition on the 
effectiveness of passive cooling by natural ventilation in a comparative study of the conical 
roofed Harran houses in Turkey and the Interlock House. While the buildings were distinct and 
situated in two extreme climate zones (hot and arid and continental humid), both buildings 
have in common open variable configurations of multiple interconnected spaces. 
Computational fluid dynamics (CFD) simulations using OpenFoam were used to investigate the 
fundamental airflow characteristics and the resulting interior temperature and velocity profiles. 
The simulations were initialized as well as validated with measured field data. Subsequently, 
the impact of the interconnected spatial composition of the buildings on their cooling 
potentials was tested. This was accomplished by simulating variations of the spatial connections 
with reduced flow path connectivity compared to the original validated cases. Preliminary 
results regarding changes in temperature and air velocity show higher temperatures and lower 
velocities in the less connected cell-like spaces and indicate the importance of spatial 
connectivity for effective cooling by natural ventilation based on variable interaction of vents 
and flow paths. This work was presented at the 2016 Simulation in Architecture and Urban 
Design Conference May 16-18, 2016, London, UK. 
 
Interlock House visitor survey: 
The IRB #13-077 survey of visitors to the Interlock House continued into Year 5 and has 
provided insight into the perception of outside visitors on green design and solar integration. A 
new approach to the research project evolved out of the visitor’s responses on previous year’s 
surveys. The overwhelming consensus was a desire to know more about how the house 
functions and how the house’s features may be implemented in a visitor’s own home. The 
project’s goal now is to investigate how communication can influence behavior and perception 
of sustainable design by utilizing the Interlock House as an education model through various 
media including posters, video/other digital resources, personal tours/interacting with the 
house, and brochures. This project was presented in Bologna, Italy at the Passive Low Energy 
Architecture (PLEA) 2015 Architecture in (R)evolution conference in September 2015 with a 
final paper accepted. 
 
Statistical analysis of the frequency of survey responses of visitors from 2013-2014 submitted 
visitor survey provided the research team with important information regarding the acceptance 
and interest into solar homes in Iowa. The majority of visitors considered the house 
comfortable and could see themselves living in such a home. Additionally, 18 visitors provided 
additional commentary. Analysis of these comments shows most visitors want to learn more 
about the Interlock House and solar homes in general. A revised construction document and 
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revise construction cost estimate aligned with the current Iowa housing market already 
addressed this demand. 
 
Based on the visitor surveys, an educational poster was developed in collaboration with the 
occupants and placed in an agreed location in the house. Figure 1.2c.49 is a screenshot of the 
poster, where the actual poster is 2.5 ft x 10 ft and features an exploded axon of the Interlock 
House and its integral components for the purpose of educating the public on the house’s 
architecture and systems. The main systems highlighted include mechanical, passive 
ventilation, and daylighting. This work also includes an updated Revit model of the house with 
additional detail and material for use on additional graphics and research.  
 
 
Figure 1.2c.49: Interlock House educational poster. 
 
This Interlock House surveys also collected data from the resident occupants on how they 
experienced and interacted with the house, and provided a record of the actions the occupants 
had with the house throughout the day. While the current format does not provide a 
timestamp of exactly when the occupants enacted each action, it does provide the occupants 
and the research team with vital tools. The occupants can use this as a guideline on how to 
adjust the house to their comfort. The research team in turn received a dated record, as 
previously mentioned, of all actions taken, and allows the team to provide e-mail prompts to 
the occupants. Five surveys can be administered to fit a range of weather situations including 
cold, cool, hot, warm rainy, and warm sunny. The cold operation mode survey can be seen in 
the snapshot shown in Figure 1.2c.50. This research was conducted throughout the summer of 
2015 by administering email prompts, phone calls, and additional onsite research. 
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Figure 1.2c.50: Sample Interlock House occupant survey. 
 
Energy utilization educational website: 
Tableau is a very powerful visualization tool that connects directly to the MySQL database. 
Interfacing the database with this new graphical presentation began in Year 4 and continued 
through Year 5. Looking at varying degrees of data, a list of publicly available data has been 
established, including:  
• General description of the Interlock House  
• Timeline of events and publications relating to the Interlock House 
• Comparison of Interlock House performance to a baseline house in Iowa and current 
standards of performance  
• Tips on how the general public can increase the performance of their house  
• Easy to read and simplified graphics   
• Charts showing average temperatures in different rooms and wind speeds 
• Database access with cleaned data that has no outliers. 
• Number of outliers and missing values in the data 
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• Unit conversion from kWh to Wh (20 sec measurement instead of cumulative 
measurement). This includes 9 sensors starting from Grid_L1 to Microwave in the 
column list. 
 
Wordpress was chosen for the graphical interface. This web interface will give the team 
maximum flexibility and will be easy to maintain in the future. The primary use for the website 
is for public education. A screenshot of the updated Interlock House user data interface is 
provided in Figure 1.2c.51. The updated website is located at www.interlockhouse.data.com 
and will be live by the end of summer 2016. 
 
 
Figure 1.2c.51: Interlock House User Data Interface: Analytical data is combined with clear 
graphics that demonstrates how data are collected throughout the house. 
Here the user can see the interior temperature for a month or day compared 
to outdoor conditions combined with wind speed. The display can be visualized 
daily, monthly, annually.  
 
Solar driven residential scale liquid desiccant system development: 
The liquid desiccant experimental system was relocated in Year 5 to the Iowa Energy Center 
BECON facility in Nevada, IA because the current location was no longer available. To ensure all 
systems were still operational, the team attempted to recreate data reported by past members 
of the desiccant project. Figure 1.2c.52 shows sample data collected on November 14, 2015. 
There were two events that impacted the data and the impact can be seen in this graph. The 
jump in output relative humidity (Series 2) and absolute humidity (Series 4) at 18:39 was when 
the liquid desiccant was added to the absorber box. The second jump at 19:25 was due to an 
addition of rocks to the absorber box. It can be observed from these data that the air was 
absorbing moisture after making contact with the desiccant in the absorber box. This is seen by 
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the difference in the input and output relative humidity when the desiccant was added. The 
output humidity (red line) jumps up when this system is started. This was the opposite effect of 
what the absorber should do. The data also show, however, that the temperature of both the 
air and desiccant were fairly constant and equal, which indicated that the absorber box itself 
was not efficient and hence required redesign. Keeping in mind the old system and how to 
improve upon it, a redesign of the desiccant system was started in January 2016. 
 
 
Figure 1.2c.52: Liquid desiccant trial operation. Legend: Series 1: Input Relative Humidity [%], 
Series 2: Output Relative Humidity [%], Series 3: Input Absolute Humidity [ 𝑔𝑔
𝑚𝑚3
], 
Series 4: Output Absolute Humidity [ 𝑔𝑔
𝑚𝑚3
], Series 5: Air Input Temperature [°C], 
Series 6: Air Output Temperature [°C], Series 7: Desiccant Input Temperature 
[°C], and Series 8: Desiccant Output Temperature [°C]. 
 
Several issues must be addressed in the redesign of the desiccant system, including: size, 
weight, material corrosiveness, pipe leaks, etc. The weight of the system using the packed bed 
method of air desiccant interaction was found to be excessive. Material and methods that 
reduce this weight will be sought for use. Also, the current system did not fit in the space 
provided in the Interlock House so the new design will include a more compact system. Some 
corrosion of the metal absorber box due to the desiccant solution (i.e., saturated salt solution) 
was also observed. A non-corrosive material will be identified to fabricate the absorber and 
recharger box. In addition to these general fixes, the most substantial and most impactful 
change to be implemented is the way the air and desiccant interact to ensure that the new 
design functions properly and removes moisture from the air.  
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In order to accomplish this redesign, successful methods of liquid desiccant dehumidification 
will be identified through a scientific literature review of credible information related to the 
system. Input will be sought where appropriate from mechanical and chemical engineering 
professors. Design considerations desired to be implement in the new design will be 
documented, followed by brainstorming and creation of visual representation of multiple 
system designs as deemed appropriate. Next, these designs will be evaluated against system 
needs and the best design selected, followed by system construction and testing.  
 
In parallel with the redesign process, a mathematical model will be established in order to 
represent the relevant thermodynamic relationships present in the system. This will allow for a 
better understanding of the desiccant system and provide information about what factors will 
contribute to creating the most efficient system. It will also provide information about what 
quantitative values are needed to be achieved in different parts of the system to accomplish set 
goals of dehumidification. 
 
Columbus Junction Community Laboratory: 
More qualitative data could have been collected on the impact of the community laboratory 
within the Columbus Community Schools. The librarian, teaching staff, and principal were 
pleased with the outcomes, but no direct evidence of this impact was measured by the 
students. All other goals related to establishing the community laboratory and related to the 
Imaging Energy Traveler trailer have been accomplished in a positive fashion. 
 
Sustainable schools: 
A sustainable school should be a place where equal importance is given to environmental, 
social, and economic factors, but even in so-called successful sustainable projects, there is often 
a neglected concern for the social aspect of sustainable design. Social cohesion and equality 
seem to be common factors which are underestimated. In this respect, the analysis of two 
different but related discourses have taken place: sustainable schools and equal education. The 
recent work has developed a framework and design tools in terms of social sustainability and 
equity. The focus during Year 5 has been on questions of equity and a critical evaluation of its 
place in the development of tools and frameworks for assessing the performance of sustainable 
school buildings. This is a question aimed not only at participation in evaluating school 
buildings, gender, and children, but also at the development of a school community through 
sustainable design practices. 
 
Energy Policy (EP) Platform 
Seven ISU faculty/post-docs/students have presented workshops for the 2015-2016 Energy 
Policy workshop series, which are summarized in Table 1.2c.5. A total of 104 faculty, staff, and 
students participated in the seven workshops: 
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Table 1.2c.5: Iowa NSF EPSCoR Energy Policy 2015-2016 workshop series.  
Date Speaker Name & Affiliation Workshop Title Attendance  
9/11/15 K. Liao, Graduate Student,  Economics, ISU Demand for Ethanol: Evidence from Consumer Choice Between E85 and E10 11 
11/4/15 C. Li, Graduate Student,  Economics, ISU 
Can Corn Stover Alone Meet the Cellulosic 
Mandate? An Optimal Pricing Mechanism 
for a Monoposonistic Buyer of Corn Stover 
13 
12/4/15 Q. Dang, Post-doctoral Researcher, Bioeconomy Institute, ISU 
Ultra-low Carbon Emissions from Coal-fired 
Power Plants through Bio-oil Co-firing and 
Bio-char Sequestration 
22 
1/20/16 M. Mba-Wright, Assistant Professor, Mechanical Engineering ISU 
Learning rates: Fundamentals and 
Application to Advance Biofuel Economic 
Analysis 
20 
2/8/16 A. Raster, Graduate Student, Political Science & Sustainable Agriculture, ISU China: An Emerging Market for Fuel Ethanol 14 
2/17/16 S. Pouliot, Associate Professor, Economics, ISU Feasibility of Meeting Increased Biofuel Mandates with E85 9 
3/9/16 Y. Wang, Assistant Professor, Political Science, ISU 
Impacts of the Clean Power Plan: An 
Investigation using the National Energy 
Modeling System (NEMS) 
15 
 
Seven seminar speakers have presented in the 2015-2016 Energy Policy seminar series (Table 
1.2c.3). Over 300 people attended the seminars live and two additional participants tuned in via 
Adobe Connect.  
 
Table 1.2c.6: Iowa NSF EPSCoR Energy Policy 2015-2016 seminar series.  
Date Speaker Name & Affiliation Seminar Title Attendance  
9/30/15 
C. Grateron, Chemist, Industrial University of 
Santander, Colombia & L. Enrique Prado, 
Distillery Assistant Director, Incauca S.A., 
Colombia 
Second-Generation Ethanol and 
Colombian Biofuel 27 
10/7/15 
N. Winchester, Environmental Energy Economist 
at the MIT Joint Program on the Science and 
Policy of Global Change 
The Feasibility, Costs, and Environmental 
Implications of Large-scale Biomass 
Energy 
30 
10/21/15 A. Alexiades, CA Air Resources Board California's Innovative Policies to Fight Climate Change 34 
2/15/16 S. J. Hu, Professor and VPR, University of Michigan 
Perspectives on Advanced 
Manufacturing and the National 
Network for Manufacturing Innovation 
60 
3/2/16 
N. Parker, Assistant Professor, Geographical 
Sciences & Urban Planning, Arizona State 
University 
Transition Costs for Cellulosic Biofuels: 
Overcoming the Mountain of Despair 56 
3/25/16 
S. Anderson, Associate Professor, Department of 
Economics & Department of Agricultural, Food, 
and Resource Economics, Michigan State 
University 
Hotelling Under Pressure 62 
4/4/16 J. H. Stock, Harold Hitchings Burbank Professor of Political Economy, Harvard University 
The Pass-through of RIN Prices to 
Wholesale and Retail Fuels Under the 
Renewable Fuel Standard 
42 
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The Energy Policy platform uses integrated modeling to publish annual outlooks for regional, 
national, and international markets for renewable energy feedstocks, energy, and other 
products based on studies of prominent agricultural and energy policy options. Three outlooks 
published in Year 5 by Drs. Bruce Babcock, Sebastien Pouliot and their graduate students 
generated the following significant results: 
 
New, country-specific estimates of the impact of high agricultural prices on land use change 
were generated. The estimates show that outside of African countries, the major impact of high 
commodity prices caused in part by increased biofuel production was intensification of 
agricultural production. In most African countries, high international commodity prices were 
not transmitted to producers. Increased local demand for food caused producers in most 
African countries to use more land to increase production. These estimates run counter to the 
conventional wisdom that increased US biofuel production results in significant conversion of 
land to agriculture causing a significant increase in greenhouse gas emissions. 
 
A lack of data across the United States about consumer preferences for E85 has prevented the 
Environmental Protection Agency from concluding that consumers would buy sufficient 
quantities of the fuel to meet scheduled increases in ethanol mandates. A primary data 
collection effort was undertaken that generated both revealed and stated consumer 
preferences for E85 relative to E10. These data provide the best estimates of consumer 
preferences for E85 that exist. The resulting demand curves for E85 show that consumer 
demand is sufficient to meet expended ethanol mandates if USDA’s program to expand 
eligibility of the fuel is successful. 
 
Access to a proprietary data set that reports station-level fuel sales in two major metropolitan 
areas were used to estimate the proportion of owners of flex fuel vehicles who choose to fill up 
with E85 at various price points. The results show that the primary bottleneck to E85 sales is a 
lack of stations that sell it. USDA’s program to triple the number of stations that sell E85 is likely 
to significant increase sales. 
 
A listing of Iowa NSF EPSCoR supported outlook publications for the past 5 years are 
summarized in Table 1.2c.7. 
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Table 1.2c.7: Energy Policy outlook and policy briefings published to date (statistics are as of 
May 9, 2016). 
Report Title Date Issued # Pdf downloads 
# Online Full 
Text Views 
# Online 
Synopsis Views 
Willingness to Pay for Ethanol in 
Motor Fuel: Evidence from 
Revealed and Stated Preference for 
E85 (K. Liao, S. Pouliot), 16-WP-562 
Mar-16  100  -  183  
http://www.card.iastate.edu/publications/synopsis.aspx?id=1242 
 
How Much Ethanol Can Be 
Consumed in E85? (S. Pouliot, B. 
Babcock), 15-PB-54 
Sep-15  417  -  1,063  
http://www.card.iastate.edu/publications/synopsis.aspx?id=1239 
 
Using Recent Land Use Changes to 
Validate Land Use Change Model 
(B. Babcock, B. Z. Iqbal),  14-SR-109 
Nov-14  2,172  -  2,172  
http://www.card.iastate.edu/publications/synopsis.aspx?id=1230 
 
Impact of Increased Ethanol 
Mandates on Prices at the Pump (S. 
Pouliot, B. Babcock), 14-PB-18 
Jan-14  1,071   1,490   2,388  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1218 
 
Feasibility and Cost of Increasing US 
Ethanol Consumption Beyond E10 
(B. Babcock & S. Pouliot), 14-PB-17 
Jan-14  1,526   1,947   2,545  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1217 
 
RFS Compliance: Death Spiral of 
Investment in E85 (B. Babcock & S. 
Pouliot), 13-PB-16 
Nov-13  903   1,460   1,915  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1214 
 
How Much E85 Can Be Consumed 
in the United States? (B. Babcock & 
S. Pouliot). 13-PB-15 
Nov-13  837   1,871   1,969  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1213 
 
The Economic Role of RIN Prices (B. 
Babcock & S. Pouliot), 13-PB-14 
Nov-13  1,572   1,704   1,931  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1212 
 
RFS Compliance Costs and 
Incentives to Invest in Ethanol 
Infrastructure (B. Babcock), 13-PB-
13 
Sep-13  974   1,632   2,094  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1191 
 
Impact of Sales Constraints and 
Entry on E85 Demand (B. Babcock 
& S. Pouliot), 13-PB-12 
Aug-13  589   883   2,173  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1188 
 
Price It and They Will Buy: How E85 
Can Break the Blend Wall (B. 
Babcock & S. Pouliot), 13-PB-11 
Aug-13  1,357   4,954   2,513  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1187 
 
Biofuel Taxes, Subsidies, and 
Mandates: Impacts on US and 
Brazilian Markets (B. Babcock, M. 
Moreira, Y. Peng), 13-SR-08 
May-13  1,544  -  3,700  
http://www.card.iastate.edu/publications/synopsis.aspx?id=1185 
 
Outlook for Ethanol and 
Conventional Biofuel RINs in 2013 
and 2014 (B. Babcock), 12-PB-9 
Dec-12  2,637   8,194   4,898  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1179 
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Updated Assessment of the 
Drought's Impacts on Crop Prices 
and Biofuel Production (B. 
Babcock), 12-PB-8 
Aug-12  1,741   3,684   3,398  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1169 
 
Preliminary Assessment of the 
Drought’s Impacts on Crop Prices 
and Biofuel Production (B. 
Babcock), 12-PB-7 
Jul-12  2,897   4,070   3,603  
http://www.card.iastate.edu/policy_briefs/display.aspx?id=1167 
 
 
 
Broader Impacts (BI) Platform: Faculty Development Plank 
More than 750 faculty, post-doctoral and graduate students, and researchers attended the 
faculty development programs at the three Regent Universities. The Grants Hub has engaged 
more than 100 faculty through grant support activities and their testimonials have been very 
positive. The BI checklist has been well-received by faculty and the idea was shared by 
Sundararajan with colleagues at several meetings. As a result, the actual checklist has been 
shared with several NSF EPSCoR jurisdictions, including Alaska, Delaware, Montana, New 
Mexico, and Wyoming. Colleagues in a non-EPSCoR jurisdiction (California) have also requested 
the BI checklist. 
 
Broader Impacts (BI) Platform: Diversity Plank 
Summer camps and internship programs for female, URM, and community college students are 
on pace to engage a similar cohort of students compared to Year 4, including a second offering 
of STEM activities to kindergarten students in the Iowa City area. Over 800 students are 
expected to participate in these programs this year. Key collaborations include those with Black 
Youth Achieving Excellence and Iowa First Nations, Iowa Tech Chicks, Minority Association of 
pre-medical students, Cedar Valley Society of Women Engineers, etc. A complete list of 
activities can be found in Table 1.2a.3. 
 
The UI Sloan Center of Exemplary Mentoring continues to aid in recruitment and retention of 
URM graduate students. Mentor training workshops were also held at ISU to promote effective 
mentoring of summer interns – these were jointly funded by Iowa NSF EPSCoR and IINSPIRE-
LSAMP.  
 
Burt’s seed grant aimed at exploring factors impacting the success of African American 
graduate students in STEM fields is ongoing and emergent themes include the attitudes and 
engagement levels of the research advisors (i.e., faculty) and unconscious biases that may be 
affecting these interactions. 
 
The continuation of faculty search committee training (through ISU ADVANCE to UI and UNI) 
has resulted in very favorable feedback and subsequent institutionalization of these practices. 
While formal data are still being collected, active interviewing of female and URM faculty is 
seen. For example, the Mechanical Engineering Department at ISU hired their first African 
American woman this past year. Assessment of the training is in process. Finally, the Women in 
STEM working group at UNI continues to engage in conversations, cohort experiences, and best 
practices for women faculty in STEM fields. This year’s topics were related to expectations for 
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clear criteria for promotion and tenure, addressing salary equity issues in departments, and 
alternative models of scholarships that can be pursued. 
 
Broader Impacts (BI) Platform: Workforce Development 
The summer academy for K-12 teachers has resulted in positive feedback from the participants. 
All teachers agreed that the overall quality of the program was high and that the professional 
development in this program was closely related to everyday teaching. Teachers reported their 
intentions to use information about renewable energy in their classrooms in a variety of ways. 
Several teachers indicated that they would use labs from the Summer Academy in their 
classrooms. They also reported that they would share content knowledge that they had learned 
in the program with their students. The workshop for elementary school teachers resulted in 
workshop teachers having a better understanding of biorenewables and the bioeconomy in 
Iowa, and feeling a greater social responsibility to be aware of current scientific practices and 
their consequences. A follow-up assessment revealed that, compared to other professional 
development experiences, teachers felt more inspired to integrate new content and 
pedagogical techniques into their curricula when basic principles were conveyed to them as 
community-centered ideas such as “going green.”  
 
The new BI course for engineering graduate students (ME 605: Broader Impacts of Engineering 
on Society) reported a high level of impact on the participating students – 13 out of 14 students 
reported a high gain in understanding and appreciation of broader impacts activities aimed at 
achieving specific societal outcomes. The UI Mobile Museum will use the energy education 
materials developed at UNI for the coming year. 
 
Through a Year 4 UNI seed grant, Assistant Professor Sadic Kucuksari was able to purchase an 
OPAL-RT Real Time Simulator for power systems. He is incorporating the simulator and 
renewable energy integration simulations into the Electrical Engineering Technology (EET) 
courses he teaches. Recently, the real-time simulator was leveraged to acquire a $280,897 
grant from the Carver Foundation to modernize UNI’s Power System Laboratory for graduate 
and undergraduate education in power and energy systems. The Iowa NSF EPSCoR-funded real-
time simulator will be connected to the new teaching equipment to expend the EET curricula. 
 
The UI PLTW training program has also achieved significant impact. Chelle Lehman has been 
working closely with both PLTW community college coordinators, the PLTW Director of State 
Engagement Kim Glenn, as well as existing and new PLTW schools in Iowa. She has been 
working with the community college coordinators and Kim Glenn to (i) increase the number of 
PLTW schools in the state, (ii) develop successful implementation strategies for schools that are 
new to PLTW, (iii) develop successful community partnership teams that will support the 
implementation and sustainability of PLTW programming in their communities, (iv) develop 
teacher professional development, and (v) develop regional career academies that will allow 
PLTW access to students in small rural districts. 
 
In Year 1 of EPSCoR, Iowa reported a 15.44% female enrollment in HS PLTW courses, rising to 
16.1% in Year 2 and 18.2% in Year 3. However, the state has not released numbers for the past 
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two years. Iowa added 32 new PLTW schools in the 2012-13 school year and added an 
additional 26 schools in the 2013-14 school year. For the 2014-2015 school year, an additional 
26 schools were added. Numbers for 2015-2016 are not yet available. 
 
A symposium entitled “STEM Education Equity: Policies to Create Opportunities in Rural Iowa” 
was co-sponsored by Iowa NSF EPSCoR and the UI Public Policy Center. The symposium was 
held October 19, 2015, in Iowa City, and focused on the opportunities and challenges of 
strengthening STEM education in rural Iowa. Nearly 100 individuals were in attendance. 
National and state experts (i) presented an overview of STEM in Iowa, as well as innovations in 
rural areas across the country, (ii) examined STEM equity needs of disadvantaged students in 
rural areas and (iii) discussed next generation science standards, school business partnerships, 
diversity in the STEM pipeline, and legislative perspectives. 
 
Iowa NSF EPSCoR also provided partial support for a symposium at Simpson College in 
Indianola, IA entitled “Envisioning Our Energy Future: What Will It Take?” The program featured 
Dr. Scott Tinker, Director of the Bureau of Economic Geology at the University of Texas at 
Austin and producer of the award-winning documentary SWITCH, a film about energy usage. 
The event brought together energy stakeholders from all sectors, including educational 
institutions, state and local government leaders, utility providers, and environmental 
organizations, and helped spur the discussion on transitioning to a cleaner energy future. 
 
Dordt College continues to engage undergraduates in research activities with their equipment, 
including ten undergraduates over the last 2 years, of which three have started their 
engineering careers. Central College procured several pieces of equipment including a drying 
oven, ultra-cold freezer, high precision GPS system, and a tractor to enable effective faculty and 
student learning experiences in their prairie restoration project. Through the Central College 
equipment, 200 students and 20 faculty members have engaged in activities related to this 
project and have gained increased exposure to RE/EU related research and education. Of the 
nine students that have engaged in research at Central, five of them were women students, 
conducting a wide array of activities including planting, controlling invasive species, designing 
research and measurement techniques, gathering data, conducting statistical analysis, giving 
presentations at meetings, and educating alumni and the public. 
 
Broader Impacts (BI) Platform: Cyberinfrastructure Plank 
The database for the meteorological tall towers is configured to serve needs and queries from a 
variety of communities. A public website has been created with dynamic content showing the 
last 48 hours of data from both towers (which will be active by August 2016), and a password 
protected website with access to parameterized queries. The uniquely designed and built data 
collection system has flexibility to add other sensors on the tall towers for testing to 
complement the data collection. Data currently are being collected, pre-processed, and stored. 
The database, which will be collected for nearly 5 years, represents a uniquely long but high 
resolution database that allow exploration with advanced methods requiring long time series at 
high resolution (20 Hz) from multiple sensors with highly accurate synchronization in time.  
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During the current year, several trainings, workshops, and courses focusing on the use of CI 
have been organized and taught at UI and ISU. Overall, 15 workshops were conducted engaging 
more than 160 researchers. Six courses were taught by 12 faculty and staff at UI focusing on 
topics such as big data analysis, bioinformatics and computational genomics that impacted 121 
students. For example, one of the main courses that was developed at UI for the education and 
benefit of new graduate, undergraduate, and post-doctoral fellows is the Introduction to 
Helium and Neon, a two hour course that covers the details of the two UI clusters (Helium and 
Neon), basics of the cluster computing environment, the job scheduler, and hands-on session to 
submit the jobs and analyze the results obtained on these cluster computers. A sample training 
at ISU included hosting a data carpentry workshop (http://www.datacarpentry.org/) that was 
organized to provide researchers, especially those new to CI, high-quality, domain-specific 
training covering the full lifecycle of data-driven research. Figure 1.2c.53 shows a picture of the 
data carpentry workshop.  
 
 
Figure 1.2c.53: Data carpentry workshop at ISU. 
 
Broader Impacts (BI) Platform: External Engagement and Communications Plank 
The various portals and mechanisms of engagement and communication have been quite 
effective in reaching out to constituents and a broader audience. Some significant 
accomplishments during the past year include: 
• Website and social media:  The website had 4397 unique visitors during the reporting 
period resulting in 6050 viewing sessions and 14862 page views. As of March 2016, the 
Twitter account had 514 followers, featured 84 original tweets, earned 17,815 
impressions and were mentioned by other Twitter accounts 93 times, leading to 1017 
visits to the IA NSF EPSCOR web profile page. 
• Newsletters:  The subscriber list for the Iowa NSF EPSCoR email newsletter Energy 
Innovator increased from 935 to 1159 during the last year. 237 clicks were received on 
the newsletter that led to the website for additional information. 
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• Student interns:  The practice of hiring and engaging student “embedded journalists” 
interns was repeated this year. Two students have been hired and will start summer 
2016. 
• C6 BioFarm App development update: The C6 BioFarm game suite for the iPad became 
available for free download September 9, 2015. The application, designed by a team of 
ISU students, teaches middle and high school students about agricultural production, 
bioenergy, STEM careers, and more. The suite has been in development for over a year. 
In particular, the game suite was designed for 7th and 8th grade STEM teachers to use in 
their classrooms. In addition to the game, the C6 BioFarm team is developing classroom 
support materials designed to engage middle school students in the bioeconomy 
conversation. This fall three lessons are expected to be released: (i) Carbon, (ii) 
Agricultural Production, and (iii) STEM Careers. The C6 BioFarm game suite and 
curriculum development is sponsored by ISU Extension, CenUSA Bioenergy, and Iowa 
NSF EPSCoR. 
• Engaging the legislature:  This past year the following legislators were hosted at ISU 
Bioeconomy Institute: State Senators Peterson and Allen for a briefing on biorenewable 
energy and a tour of the bioenergy labs, and an overview of ISU’s bioenergy research, 
education and engagement efforts; State Senators Hart and Chapman; Eric Johansen, 
Staff Director, Iowa Senate Republican Caucus, Russ Trimble, Budget Director, Iowa 
Senate Republican Caucus, Larissa Wurm, Communications, Iowa Senate Republican 
Caucus, Gannon Hendrick, Education Policy Advisor, Iowa Senate Republican Caucus for 
an overview of the Leading the Bioeconomy Initiative and its impact on the state; and 
Senator Hogg for a discussion on the ISU Carbon Negative Energy Initiative. 
• Iowa NSF EPSCoR annual meeting:  Planning for the 2016 Iowa EPSCoR Annual Meeting 
is underway. The EPSCoR External Engagement team manages marketing and 
registration, as well as the student poster session and judging, for the meeting. 
 
 
1.2d Accomplishments: Key Outcomes or Other Achievements 
This section outlines key outcomes and achievements that were completed in the past year. 
Each section below includes a table of project milestones and metrics for those associated with 
the given platform; these tables are found at the end of each respective subsection. 
 
One significant project-level activity during Year 5 was identifying the overall key outcomes and 
achievements from this project, as well as the sustainability activities that will continue after 
the project ends in August 2017 (a one-year no-cost extension was recently approved). 
Appendix C and D contains a slide presentation that summarizes major Iowa NSF EPSCoR 
activities that were accomplished during the past 4.5 years and the sustainable activities that 
will continue (including the Iowa NSF EPSCoR-supported equipment that will continue to be 
used after the project ends). It is anticipated that the slides in Appendix C and D will be updated 
next year to provide an accurate and complete record of the Iowa NSF EPSCoR project 
outcomes and achievements. 
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BioEnergy (BE) Platform 
The BE platform addresses strategic priorities 1.1 and 1.2; progress on these priorities is 
highlighted in Tables 1.2d.1 and 1.2d.2. Selected BE key outcomes to highlight from Year 5 
include: 
• Numerous journal publications were published and conference presentations were 
given, including those at the Fourth International Conference on Thermochemical 
Biomass Conversion Science and the Annual Meeting of the American Institute of 
Chemical Engineering AIChE. 
• Interdisciplinary teams were developed to prepare proposals for current and anticipated 
funding opportunities. These include a $3M response to the NSF INFEWS program, three 
pre-proposals and two full proposals to the DOE’s MEGABIO program, a full proposal to 
the DOE Incubator program, and a team to participate in an application to the DOE 
Bioenergy Center program. 
• In order to expand involvement in bioenergy conversion activities, approximately 
$220,000 was allocated during the course of IA NSF EPSCoR to six faculty not previously 
involved in the program. All of these faculty members are women and/or 
underrepresented minorities, and of these, four have been in faculty roles for fewer 
than ten years. Along with the equipment and instrumentation infrastructure developed 
as part of this project, this seed funding will help retain early-career faculty and sustain 
long-term bioenergy research efforts established by senior faculty. 
• Support has been provided to a postdoctoral scholar to investigate carbon and nitrogen 
cycling in soils; this research is needed to better parameterize the APSIM biochar model, 
which forms the foundation of an NSF proposal.  
• Several high school teachers and students were hosted by bioenergy platform faculty. 
An underrepresented minority student supported through the Louis Stokes Alliance 
Minority Program (LSAMP) conducted research in thermochemical conversion. 
• A relationship between UNI and Black Hawk County Conservation Board (BHCCB) was 
formalized through a memorandum of agreement formalizing the Cedar River Natural 
Resource Area BAER Site. As a result, UNI researchers will have continued access to this 
site and provide an annual talk to the BHCCB. 
• A final report for the Prairie Power Project was developed and is available on the 
Tallgrass Prairie Center’s website: http://www.tallgrassprairiecenter.org/prairie-
energy/prairie-power-project-final-report-and-brochure-2015.  
• A portable pilot-scale algal biofilm system was developed with the best attachment 
material.   
• An open-source computer code, based on the direct numerical simulation approach, 
was made available to the community for further research and development. 
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Table 1.2d.1: Strategic Priority 1.1:  Expand research capacity for evaluating ecosystem 
sustainability of bioenergy agriculture. 
Milestone Yr1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Establish agreements and 
collaborations for use of watersheds 
as BAER sites 
On track Done    
Agreements are in place and 
collaborations established 
(Landscape Biomass and COBS- Big 
Creek, NSF CNH –Clear Creek. 
Train two technicians for 
monitoring/maintaining BAER sites On track Done    
Big Creek is supported by a 
technician, Clear Creek is supported 
by graduate students. 
Establish BAER site databases 
 Initiated Done    
Data base and website at UI will 
serve as team site. 
Purchase hyper-spectral camera and 
develop remote sensing platforms   Done    
Operations and data collection began 
summer 2013. 
Implement data base of hyperspectral 
imagery for BAER sites   
On 
track Done   
Purchase/install stream flow, water 
quality, soil water, and GHG sensors On track 
On 
track 
On 
track 
On 
track Done Progressing on schedule. 
Implement databases for carbon, 
water, nutrient, and GHG fluxes   
On 
track 
On 
track Done See narrative. 
Preliminary data available on carbon, 
nutrient, water, and GHG fluxes   
On 
track 
On 
track Done See narrative. 
Begin remote monitoring of ecosystem 
changes within the BAER sites  Done     
Begin annual monitoring of ecosystem 
changes within BAER sites  Done     
AGRO-IBIS models parameterized 
watersheds   
On 
track 
On 
track Done  
Involve students in research in the 
BAER sites   
On 
track 
On 
track  
Students involved in research at all 
BAER sites. 
Prepare a large-scale, inter-platform 
grant proposal    Done   
Prepare a large-scale, grant proposal 
involving bioenergy faculty      Done 
NSF INFEWS Proposal submitted 
Spring 2016. 
Host conference or workshop on 
bioenergy agriculture     Done 
Hosted ICNE (Initiative for a Carbon 
Negative Economy) in Denver Sept 
2014. 
 
Metrics Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 1 21 13 12 18  
Scientific Presentations 0 44 20 19 18  
Extramural Grants Submitted 16 24 19 14 15  
Extramural Grants Awarded 5 4 10 2 6  
Cross-Institutional authorship of publications 0 8 6 5 8  
Publications & presentations by junior faculty 1 50 25 16 15  
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Table 1.2d.2: Strategic Priority 1.2:  Expand capacity to perform experimental and 
computational studies of thermochemical biomass conversion. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Purchase/install equipment in three 
thermochemical processing pilot plants 
On 
track 
On 
track 
On 
track 
On 
track Done Completed. 
Purchase/install instruments in the 
biomass characterization laboratory 
On 
track 
On 
track 
On 
track Done   
Instrumentation purchased/installed in 
laser lab for fundamental studies 
On 
track Done     
Hire post-doc researcher to develop 
software Done      
First bioenergy project in 
cyberinfrastructure launched 
On 
track Done    
Model for simulating biomass 
thermochemical conversion 
developed. 
First open-source virtual engineering 
tools software will be available   Done   
Open-source code released to 
research community, see 
narrative. 
Second bioenergy project in 
cyberinfrastructure launched   Initiated 
On 
track Done 
Ongoing code development for 
the open source software to 
characterize thermochemical 
conversion at the particle level. 
Workshop conducted on integrating 
experimental and computational 
studies 
  Done    
Host conference/workshop on biomass 
conversion     Done 
Hosted Chemical Conversion 
via Modular Manufacturing 
Workshop 12/2015 – see 
narrative. 
At least 50% of plank faculty members 
engaged in industry collaborations   
On 
track 
On 
track   
Involve students in expanded pilot 
plants 
 
  On track 
On 
track Done 
3 grad students and 10 
undergraduate students were 
involved in pilot plant research 
in Y5. 
Prepare a large-scale, inter-platform 
grant proposal     Done 
NSF INFEWS proposal 
submitted 3/16. 
Enter into research collaborations with 
PUI/CCs providing equipment to build 
their research infrastructure 
Done     
Agreements established with 
Indian Hills Community College, 
and Dordt and Central Colleges. 
Three research collaborations with 
PUI/CCs providing equipment to build 
their research infrastructure 
 On track 
On 
track 
On 
track Done 
Equipment purchased to build 
up research programs and 
student training.  
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 3 49 20 37 42  
Scientific Presentations 26 40 48 55 41  
Extramural Grants Submitted 19 64 69 38 44  
Extramural Grants Awarded 5 11 24 6 5  
Scientific Pilot Project Awarded 2 0 10 1 0  
Cross-Institutional authorship of publications 0 13 5 10 10  
Publications and presentations by junior faculty 9 75 58 54 57  
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Wind Energy (WE) Platform 
The WE platform is responsible for strategic priorities 1.3 and 1.4. The milestones and current 
metrics for these strategic priorities are highlighted in Tables 1.2d.3 and 1.2d.4. Additional WE 
achievements to emphasize from Year 5 include: 
• Several peer-reviewed journal papers were published and conference presentations 
were made. 
• Commissioning of the two 120 m tall towers for atmospheric boundary layer 
measurements will be completed by August 2016. Data gathering from these towers will 
be a focus of our one-year no-cost extension period. ISU has agreed to support the 
tower operational costs for three (3) years after the project ends (through August 2020).  
• One PhD student successfully defended his dissertation and had one senior 
undergraduate thesis was completed in the area of wind resource characterization. 
• AGRON 590-DR: Micrometeorological Methods and Applications was offered as part of a 
Preparing Future Faculty member project (mentored by Takle), which was an 
experimental course that used the field observations from this project.  
• Takle has given several presentations in Nebraska (NE Agriculture Roundtable) and 
Kansas (Pratt and Kingman) at public hearings on wind farm research in agricultural 
fields on crops and aerial spraying operations, as well as presentations on climate 
change and mitigation strategies to public audiences in Iowa. 
• A key modification to the most widely used numerical weather forecast model world-
wide by an Iowa NSF EPSCoR-supported PhD student has produced an average 
reduction of 13% of the mean absolute error in wind forecasts for wind ramp events. A 
reduction of wind forecast error by 13% can be viewed as significant, where DOE reports 
wind forecast accuracy improvements of 10-20% can save $100-300M in annual 
operating costs nationally. 
• Results from the CWEX-related analyses are being summarized and prepared for 
submission to multiple publications. Forthcoming relationships of wind farm wakes and 
crop energy flux comparisons over corn vs. soybean and extremes in growing season 
(wet vs. dry) will be developed in a graduate student’s MS thesis work. 
• Buchholz received a grant from the Air Force Office of Scientific Research (beginning 
Feb. 2016) to further understand the implications of the fundamental vortex dynamics 
in dynamic stall and other separated, unsteady flows. 
• Xiao’s team has developed (i) a multiscale method for studying rolling contact fatigue, 
(ii) a stable smoothed particle hydrodynamics (SPH) method, and (iii) a "meshing" 
algorithm based on the centroid Voronoi tessellation (CVT) topology optimization 
method to generate uniformly distributed particles for particle methods.  
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Table 1.2d.3: Strategic Priority 1.3:  Advance the science of wind energy resource 
characterization, optimal multi-turbine performance and effective energy 
delivery. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Install instrumented tall 
towers 
On 
Track On Track    
Consultant engaged Y1, sites 
identified, land contracts under 
negotiation. 
Complete construction of first 
tower, acquire lease for 
second, complete 
construction of second tower 
by end of Y3 
  Delayed On track Completed in Y5 
Both land leases signed, 
construction and instrumentation 
completed summer 2016. See 
narrative. 
One multi-month dataset on 
characteristics of the low-
level jet 
  Delayed Delayed Delayed 
Archived 2-month lidar data sets 
of low-level jets (2 months each 
from CWEX10, 11, 13) but none 
yet from tower-based 
measurements. Wind towers 
expected to become operational 
mid May 2016. See narrative. 
Multiple test cases available 
for model validation     
In 
progress 
One data set has been archived 
and used by modelers from NREL, 
PNNL, LLNL, and NCAR for a joint 
modeling project.  
 
Acquire Windcube Delayed Not needed    
With the anticipated installation 
of the two wind towers, the unit 
will not be needed. 
Archive one month of data 
from tower and Windcube 
On 
track Done    Data from CU/NREL unit archived. 
One complete year of wind 
climate data publicly available 
in the archive by Y4 
  On track On track  
Data from CWEX 10, CWEX11, 
CWEX13 available but not tower 
data yet. 
Archive and disseminate 
multiple years of data     Done 
Data from CWEX experiments 
available, tower data to become 
available (towers expected to be 
in operation through summer 
2020). 
Conduct annual multi-
institutional field campaign 
Delayed 
to 2013 Done Done Done Delayed 
Multi-institutional proposal has 
been submitted to NSF.  Due to a 
conflict with another field 
program sponsored by 
NSF/NCAR, ours was not 
approved but we have been 
encouraged to re-apply for a 2018 
field program. 
One test case available in IEA 
WAKEBENCH for model 
validation 
  On track Done  One test case used by modelers at NREL, PNNL, LLNL. 
Establish wind data archive 
and have inaugural data sets 
publicly available 
On 
track Done    
Data available from NCAR used by 
junior faculty. Additional data 
archived and available from IA 
Env Mesonet. 
Expand archive with CWEX 13 
data, facilitate access to data   On track Done  CWEX13 data added to archive. 
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Multiple modeling groups 
providing CWEX data     Done 
See above example- multiple 
modeling groups conducting 
research on CWEX data. 
CWEX data provided for 
classes, theses  On going On going On going On going 
CWEX data used for multiple PhD 
dissertations, MS theses, 
undergrad theses, REU projects. 
Hold international conference 
on windfarm model 
simulation and validation 
    
Will not 
take 
place 
Will not take place due to delay in 
tower construction and 
NSF/NCAR proposal not funded. 
 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 0 6 9 1 8  
Scientific Presentations 5 7 7 7 13  
Extramural Grants Submitted 13 12 10 7 3  
Extramural Grants Awarded 0 3 5 2 1  
Cross-Institutional authorship of publications 0 0 4 1 3  
Publications and presentations by junior faculty 2 4 4 2 9  
 
Table 1.2d.4: Strategic Priority 1.4:  Optimize wind energy economics to compete with fossil 
fuels through engineering advancements in turbine reliability, manufacturability, 
and maintainability, and delivery of energy to grid. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Assess state of the art models for 
management of generation and 
distribution of wind energy and 
renewable energy 
Done      
Develop risk-based stochastic 
optimization models to quantify 
effects of uncertainties on 
performance of energy supply chain 
  Done    
Design optimal curtailment curves for 
wind generators     Done See narrative. 
Develop a multistate flow network 
model for renewable energy supply 
chain 
On 
Track Done     
Develop distributed algorithms for 
voltage and frequency regulation* 
with piecewise linear cost functions 
and inter-generator 
communications**. Develop methods 
for demand shaping*** 
 
See 
milestone 
descript: 
*done 
See 
milestone 
descript: 
**done 
See 
milestone 
descript: 
***done 
  
Generalize loss-of-load-probability 
metrics to account for generation 
variability 
    Done See narrative. 
Design distributed algorithms for 
voltage and frequency regulation and 
control with no inter-generator 
communication 
Done      
Develop and code discrete-event 
simulation models for wind energy 
supply chain 
  On track Done   
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Study the effects of storage and load 
management techniques on reserve 
requirements 
    Done See narrative. 
Assess state of the art models for 
management of generation and 
distribution of wind energy and 
renewable energy 
Done      
Develop risk-based stochastic 
optimization models to quantify 
effects of uncertainties on 
performance of energy supply chain 
  Done    
Design optimal curtailment curves for 
wind generators     Done See narrative. 
Develop a multistate flow network 
model for renewable energy supply 
chain 
On 
Track Done     
Develop distributed algorithms for 
voltage and frequency regulation* 
with piecewise linear cost functions 
and inter-generator 
communications**. Develop methods 
for demand shaping*** 
 
See 
milestone 
descript: 
*done 
See 
milestone 
descript: 
**done 
See 
milestone 
descript: 
***done 
  
Generalize loss-of-load-probability 
metrics to account for generation 
variability 
    Done See narrative. 
Develop multiscale blade damage 
model 
On 
track Done     
Develop computational code blade 
damage initiation and propagation   On track Done   
Validate models developed in previous 
years     
On 
track 
Computational model 
validation ongoing. 
Develop multiscale model of gearbox 
bearing failure 
On 
track Done     
Develop multiscale model of gear 
teeth failure   On track Done   
Conduct RBDO of gear box bearing and 
teeth under aerodynamic loads  
 
    On track See narrative. 
Develop material processes to improve 
manufacturability and maintainability  Done     
Conduct pilot tests and develop 
models for finished part integrity   On track Done   
Improve the processes with models 
     
On 
track See narrative. 
Develop wind energy drivetrain 
modeling and simulation code  Done     
Integrate the drivetrain simulation 
code with RBDO with wind load and 
geometry uncertainties. Demonstrate 
RBDO methodology on turbine 
drivetrain 
  On track Done   
Conduct RBDO of wind turbine 
drivetrain     
On 
track See narrative. 
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At least 50% of plank faculty members 
engaged in industry collaborations   On track On track   
Continued industrial engagement by 
plank faculty     
Ongoin
g  
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 15 14 32 9 19  
Scientific Presentations 6 20 22 17 11  
Extramural Grants Submitted 17 15 16 12 3  
Extramural Grants Awarded 3 3 6 6 1  
Publications and presentations by junior faculty 7 26 37 32 23  
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Energy Utilization (EU) Platform 
The EU platform is focused on strategic priorities 1.5 and 1.6; Tables 1.2d.5 and 1.2d.6 
summarize progress on these priorities during Year 5. Selected highlights include: 
• Several papers were published and multiple conference presentations were given. 
• J. Yates, co-director of the Green Community Campaign, and Carol Yates received the 
Tools for Change Landmark Award for a case study on community-level intervention to 
improve energy utilization. Founded on the principles of community-based social 
marketing, Tools of Change (www.toolsofchange.com) engages program planners and 
facilitators from around the world to foster healthier, more sustainable choices and 
behaviors. To be designation as a "landmark" case study, programs go through a 
stringent peer review process. 
• The Interlock House Community Laboratory research produced multiple calibrated 
models and will continue model validation of energy efficiency measures and occupancy 
controls.  
• The liquid desiccant dehumidification research has led to another round of redesigns 
and the final prototype is currently being tested. 
• Just received a grant to develop a UI Mobile Museum display on energy utilization 
within Iowa. 
• Wheeler has extended her collaborations to include multiple international collaborators 
and submitted a research proposal “Cultural Identity and High Energy Performance” to 
the Research Council of Norway and a book proposal to Bloomsbury entitled: “Wild and 
Indifferent Schools. 
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Table 1.2d.5: Strategic Priority 1.5: Utilize community-level laboratories to determine whether 
or not social marketing interventions can change energy conservation 
knowledge, attitudes and behaviors. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Three communities and partnering 
community colleges/four-year 
colleges selected 
Done 
     
Communities: Charles City, LeMars, 
and Oskaloosa; Colleges: Hawkeye 
CC, Western Iowa Technical CC, 
Wartburg College and Buena Vista 
University.  
CSBR Summer Minority Internship 
Developed Done      
Focus groups, interviews and 
pretest surveys completed On Track 
Done 
     
Intervention Materials Developed On Track Done     
Materials and media buys in place 
in communities On track Done     
Intervention events completed  Done     Completed August, 2013. 
Energy Audit follow-up completed  Done     Completed August, 2013. 
Posttest Interviews Completed  Done     
Survey and audit interviews 
completed   
On 
track Done   
Sales and energy data collected 
and analyzed   
On 
track Done   
Grant Proposal Developed with 
Junior Faculty   
On 
track Done   
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Collaborative Agreements with 4-Year Colleges 
& Community Colleges Established 3 0 - - -  
Scientific Presentations 0 0 5 1 2  
Extramural Grants Submitted 1 4 0 2 0  
Extramural Grants Awarded 0 0 0 0 0  
Number of Female and URM Students 
Participating in Plank 2 6 2 2 2  
Publications and presentations by junior faculty 
 0 0 1 0 1  
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Table 1.2d.6: Strategic Priority 1.6:  Study the relationship between building science, design, 
and human behavior in existing structures in Iowa. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Establish data acquisition system 
and performance evaluation 
baseline of Interlock House as 
community lab 
On 
track Done    
Interlock House established as 
working community laboratory 
August 2013. 
 
Evaluate Interlock House data 
 
  On track Done  See narrative. 
Establish field laboratory with one 
middle school/high school 
On 
Track Done    
Upgrades to Columbus Junction High 
School completed August 2013. 
Establish two field laboratories to 
study energy efficiency in building 
structures and construction 
processes with outreach to K-12 
STEM education projects 
  On track On track 
On 
track 
Projects: Mobile Weather and 
Diagnostic Labs (substitute for 
Lakeside Lab work); Field based small 
town IA residential building energy 
loss study. 
Establish Baseline reporting 
parameters 
 
On 
Track 
On 
track Done   
Baseline data collected and reported 
for Y2 and Y3 for Interlock House. 
Multiple calibrated design models 
and simulations completed   
On 
track Done  Detailed in narrative. 
Evaluation strategies developed   On track Done  Detailed in narrative. 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 0 2 11 5 12  
Scientific Presentations 7 6 23 17 19  
Extramural Grants Submitted 5 10 17 21 19  
Extramural Grants Awarded 0 0 5 5 10  
Cross-Institutional authorship of publications 0 3 4 3 0  
Number of undergraduate students involved in building 
science research and / or independent study projects 24 29 38 31 30  
Number of graduate students involved in building science 
research and/or independent study projects 6 6 7 6 5  
Publications and Presentations by Junior Faculty 7 8 22 24 26  
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Energy Policy (EP) Platform 
The milestones and current metrics for the EP platform address strategic priorities 1.7 and 1.8; 
they are summarized in Tables 1.2d.7 and 1.2d.8. Highlights from Year 5 include: 
• Platform members presented at several conferences and published working and journal 
papers. 
• Three seed grants were provided to current (Rosburg at UNI) and new (Rudik and Lade 
at ISU) EP faculty to expand the EP activities. 
• Three policy briefing papers were published.  
• The graduate courses in energy policy continue to be successful.  
 
Table 1.2d.7: Strategic Priority 1.7:  Advance integrated engineering/economic modeling to 
project the impact of federal, state, and local policies on renewable energy 
markets, technology design and deployment. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Post-doc from engineering hired to 
support platform Done      
Establish and run a regular seminar 
series 
On 
track 
Establis
hed    
Seminar series first offered F12-
S13, available as webinars. 
Run a regular seminar series where 
research results are presented and 
discussed 
  Done Done Done 
Most seminars offered are 
available for viewing online 
http://iowaepscor.org/research/en
ergy/policy/seminars 
Establish and deliver energy policy 
graduate course 
On 
track Done    
Courses developed: BRT515x -
Energy Policy; BRT516x - 
International Energy Policy. 
Offer energy policy course   On going 
On 
going 
On 
going 
BRT515x was offered in F15; 
BRT516x was offered in S16. 
Develop a market modeling 
framework integrating economic 
and engineering analyses 
Done      
Develop new methods to solve 
stochastic models and 
communicate results within the 
modeling framework 
  On going 
On 
going   
Evaluate the economic and 
technical feasibility of new 
renewable energy technologies 
On 
going 
On 
going 
On 
going 
On 
going Done  
Provide stipends for faculty to 
travel/participate in 
interdisciplinary workshops and 
conferences 
 Done Done Done Done  
Provide stipends for faculty to 
develop interdisciplinary 
(engineering/economics) teams 
and grant applications 
 Done Done Done Done 3 seed grants were awarded; see narrative. 
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Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Research Publications 2 11 3 7 9  
Scientific Presentations 1 21 18 15 5  
Extramural Grants Submitted 3 27 18 10 9  
Extramural Grants Awarded 1 3 4 2 1  
Number of students taking policy classes 0 39 34 24 29 
F15-S16: 19 students in BRT 
515X; 10 students in BRT 
516X. 
Number of faculty participating in 
workshops/seminars 2 32 40 44 45  
On-campus seminars held 
 0 6 6 6 7  
Cross-disciplinary authorship of publications 0 9 2 7 3 Joint publications by BE and EP. 
Presentations by junior faculty at scientific 
conferences 3 9 20 14 5  
 Conferences held 
 
0 
 
0 1 1 0  
 
 
Table 1.2d.8: Strategic Priority 1.8:  Analyze market and technology deployment impacts of 
policies designed to promote RE and communicate results to the public, federal 
and state legislators and regulators. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Use the newly-developed integrated modeling 
framework to conduct analysis of proposed 
policies and new technologies and publish web-
based reports on findings 
Done Done Done Done Done Described in narrative. 
Brief legislators and regulators as requested as to 
the technical and economic feasibility of new 
renewable energy technologies 
Done Delayed Done Done Done 
See narrative for briefing 
papers. 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Legislative/Congressional Public Briefings 1 0 2 0 0 See narrative. 
Updates of web-based outlook information 2 4 6 1 2 See narrative. 
 
 
 
  
 Appendix B – Accomplishments: Sections 2c and 2d for the 2016 Annual Report 76 
 Iowa NSF EPSCoR 
Broader Impacts (BI) Platform 
The strategic priorities of the BI platform focus on 1.9, 2.1, 2.2, 3.1, 3.2, 4.1, and 5.1. Tables 
1.2d.9 – 1.2d.14, found at the end of this subsection, summarize the milestones and current 
metrics for the BI platform. Additional outcomes and achievements to highlight for Year 5 are 
summarized below. 
• Survey results confirm that faculty find the professional development workshops to be 
extremely useful. 
• Summer camps and internship programs for female, URM, and community college 
students are on pace to engage a similar cohort of students compared to Year 4 
including a second offering of STEM activities to kindergarten students in the Iowa City 
area. Over 800 students are expected to participate in these programs again this year. 
• The continuation of faculty search committee training (through ISU ADVANCE to UI and 
UNI) has resulted in very favorable feedback and subsequent institutionalization of 
these practices. Assessment of the training is in process. 
• Workshops to encourage the engagement of another under-represented group – 
persons with disabilities – have been conducted. 
• Over the last year, more than 45 K-12 instructors received professional development 
training in the area of biorenewables, and as a result of these training opportunities, 
over 4500 K-12 students have been exposed to the subject of finite energy sources to 
support the U.S. standard of living and how the state of Iowa is addressing the shortfall 
by creating and implementing an extensive bio-based industry. These activities continue 
to provide STEM focus to K-12 students and will help strengthen workforce in these 
areas for the future.   
• PLTW staff are working with new schools in implementation of new PLTW programs to 
move forward the diversity agenda. Successful implementation of a new PLTW program 
includes planning for specific targeted recruitment of females and other URM students, 
improved classroom location choices, improved classroom environment, enhanced 
parent contact, etc.  
• Four separate proposals for Project Lead the Way from the Iowa Governor’s STEM 
Committee Scale-up program were implemented during the 2015-2016 school year; 
these include: (i) PLTW Launch (grades K-5), (ii) PLTW Gateway (grades 6-8), (iii) PLTW: 
Principles of Engineering, and (iv) PLTW: Computer Science and Software Engineering. 
1. A symposium entitled “STEM Education Equity: Policies to Create Opportunities in Rural 
Iowa” was co-sponsored by Iowa NSF EPSCoR and the UI Public Policy Center and 
another symposium entitled “Iowa’s Drinking Water: Could Flint Happen Here?” will be 
held in Des Moines, IA on June 17. It will explore the current state of Iowa’s drinking 
water and the future challenges confronting water providers in the state to reliably 
deliver safe drinking water to Iowans. 
• The Energy Systems minor at ISU currently has 19 enrolled students. An additional 32 
students have graduated with an undergraduate engineering degree that included the 
minor; 13 of those students graduated in Year 5. 
• A new coursework-only Masters of Engineering in Energy Systems at ISU came on-line in 
fall 2014; 5 students are currently enrolled in the MEng in ES degree program.  
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• Two students completed the graduate certificate program in Energy Systems at UI. 
• A new course was offered at UNI entitled Tech 4100: Undergraduate Research in 
Construction Management. 
• A new course was offered at ISU entitled ME 605: Broader Impacts of Engineering on 
Society 
• UI reconfigured their Wind Energy Certificate program to incorporate course work and 
faculty expertise from the departments of Mechanical and Industrial Engineering, Civil 
and Environmental Engineering, Electrical and Computer Engineering, and Geography. 
As of spring 2016, 2 students have graduated with a wind energy certificate and 2 
students are currently enrolled. With the reconfiguration, it is anticipated that more 
students will complete this certificate program at UI. 
• Nine legislators participated in the “Legislators in the Lab” program. 
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Table 1.2d.9: Strategic Priority 1.9:  Implement coordinated multi-institutional human 
resource development activities for assisting with the recruitment and 
mentoring of early career tenure-track faculty for RE/EE research and education 
capacity. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Establish the FLARE Institute: hire 
staff; establish Advisory Board. New 
in Y3: Review concept, move to 
Decentralize leadership 
Done Done Trans formed   
Decision was made that each 
University would build on their 
individual strengths in faculty 
development; this change was 
approved in the revised strategic 
plan. 
Diversity taskforce provides 
resources to help search committees 
reach women and URM candidates 
Being 
develop
ed 
On 
track 
On 
track 
On 
track  Institutionalization in progress. 
Coordinate plans across the Regent 
Institutions and hire new faculty 
members 
Done Done    
Plans for RE/EU faculty completed 
as part of the final negotiation for 
the grant - 3 faculty hired in Y1 
started work in Y2; 3 new faculty 
hires in Y2 started work in Y3. 
NOTE: 1 new faculty hire 
leveraged in Y4 to support 
EPSCoR Policy courses. 
Engage additional faculty through 
seed grants   Done Done  
Several seed grants made to 
faculty at the three regent 
universities- see narrative.  
BI leaders provide appropriate 
mentoring and professional 
development programs for new 
faculty 
 On track 
On 
track 
On 
track 
On 
track 
Various professional development 
programs offered during Year #5. 
Plan and implement professional 
development programs for 
researchers, post-docs, and graduate 
students 
Done Done On track 
On 
track 
On 
track 
Various professional development 
programs offered during Year #5.  
Catalog existing BI related programs 
at Regent institutions Done      
Collect and analyze data on BI 
programs; modify programs as 
needed 
  On track 
On 
track 
On 
track   
Gather information/data on the 
successes and the challenges faced 
by existing BI programs to identify 
strategies appropriate for Iowa 
 On going 
On 
going 
On 
going  
Started collaborating with a 
subset of BI programs at all 3 
campuses in Y2, will continue to 
gather data. 
Disseminate lessons learned at Iowa 
and best practices across the state 
and EPSCoR jurisdictions 
    On track 
Via regional meetings, NABI 
annual meetings and NABI BI 
document. 
Collaborate with the NSF I-3, 
ADVANCE programs and other BI 
related programs at Regent 
institutions 
 On track 
On 
going 
On 
going 
On 
going 
Best Practices from SP@ISU (NSF 
I-3 program) and ADVANCE 
documented, available Fall 2013. 
Collaborations with NCBI. 
Disseminate best practices nationally.     On track 
NABI annual meeting and NABI BI 
document. 
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Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Number of new faculty hired in 
RE/EU platforms 5 3 0 1 0 
Updated Y2 number: New hire in WE Platform 
(ISU) started Jan 2014. New BE and EU hires at UNI 
started Fall 2013. New Energy Policy Hire started 
Sept 2014. 
Women faculty in RE/EE platforms 14 13 24 32 32  
URM faculty in RE/EE platforms 2 3 7 8 10  
Number of faculty development 
programs offered 10 18 18 21 29 See narrative. 
Number of non-Regent Institutions 
in Iowa that connect with Iowa 
NSF EPSCoR 
3 13 19 19 19 Includes Iowa´s 15 CCs, Dordt, Central, Coe and Grinnell Colleges.  
Number of non-Iowa institutions 
that connect with or communicate 
with Iowa NSF EPSCoR for 
purposes of dissemination 
0 1 5 5 5  
Percentage of EPSCoR faculty, 
post-docs, graduate students who 
attend  development programs 
50% 65% 70% 70% 70% 
Percentages estimated, based on at least one 
attendance at a development program, including 
the annual meeting. 
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Table 1.2d.10: Strategic Priority 2.1 (maps to outcomes A, C and D):  Increase participation of 
women and underrepresented minorities (URMs) in STEM, especially in RE/EU 
fields through the coordination of statewide, multi-institutional efforts. 
Strategic Priority 2.2 (maps to outcomes B, C and D): Coordinate resources to 
help faculty, staff, and students create a more welcoming environment with 
sustainable support systems for success of women and URMs in affected 
programs. 
 Outcomes Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
A 
Catalog existing Diversity related 
programs at the Regent 
universities (including education 
and outreach) 
On track Done     
A 
Identify a subset of the cataloged 
programs that EPSCoR can work 
with to leverage and maximize 
impact  
  On track On track Done 
Examples of 
collaborations include 
Pre-engineering 
camps, PLTW, MESA, 
SHPE, NSBE, WiSE, 
FIRST tech challenge, 
Office of Veterans 
affairs, IINSPiRE 
LSAMP, SP@ISU. 
A 
Continue collaborating with other 
BI related programs at related 
institutions 
    On track 
Collaborations on 
PLTW and diversity 
programming. 
A 
Increase participation of female 
and URM students in EPSCoR 
supported programs. 
In 
progress 
In 
progress 
In 
progress 
In 
progress 
In 
progress  
A 
Disburse/award matching 
support for CC and UG STEM 
research interns 
Done Done Done On track Done See narrative. 
A 
Expand RE/EU research 
internship programs for 
community college and 
undergraduate students. 
 
  On track On track  
Accomplished through 
the EPSCoR 
internships and co-
funding with the 
IINSPiRE LSAMP and 
Bridge Program at 
Kirkwood CC. 
A 
Establish appropriate indicators 
and benchmarking data to 
represent information about 
participation 
 
  Initiated In progress   
A 
 Refine and utilize indicators and 
benchmarking data to inform 
progress in participation of 
women and URMs in EPSCoR 
programs 
    Done See narrative. 
A 
Catalog resources to help search 
committees in reaching qualified 
female and URM applicants via 
ISU ADVANCE and other related 
initiatives 
On track Done     
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A 
Provide search committee 
training to positively impact 
efforts to recruit highly qualified 
women and URM applicants 
  On track On track Done  
A 
Search committees across the 
state use the resources 
developed by the Diversity team 
in their hiring practices and 
processes to reach qualified 
women and URM applicants 
    Done 
Search committee 
training 
institutionalized at UI 
and UNI. 
B 
Catalog existing STEM education 
and outreach programs (diversity 
and WFD) across the jurisdiction 
On Track Done     
B 
Inform programs of evidence-
based practices to promote 
effectiveness and success. 
Establish appropriate indicators 
and benchmarking data for to 
represent information about 
participation 
  Initiated On track  
Diversity 
Report/Action Plan, 
training workshops 
and conference 
presentations used to 
share best practices 
and to monitor key 
indicators. 
B Programs utilize evidence-based practices and measure progress     Ongoing  
B 
Network with a subset of existing 
diversity related program leaders 
to learn about their needs and 
ways to engage them 
 Done     
B 
Leverage existing programs to 
increase quantity of participants 
or extent to which change is 
achieved 
  Initiated On track Done 
Examples include 
SHPE, MESA, NSBE, 
Upward Bound and 
Black Youth Achieving 
Excellence. Started 
working with Iowa 
First Nations, CC 
students. 
B 
Provide NCBI and/or other 
training workshops for interested 
project faculty, staff, and 
students. 
 
Done Done Done Done Done 
Curricular component: 
“Culturally Intelligent 
Leadership”, 
established. 
C 
Implementation of review 
processes for Iowa NSF EPSCoR 
programs and expected program 
specific diversity goals 
 
  Initiated In progress 
In 
progress  
C 
Programs show evidence of 
sustainable practices in moving 
towards attainment of diversity 
goals. 
    Done 
Examples are PLTW 
(self-sustained) and 
summer research 
experiences. 
C 
Establish appropriate indicators 
and benchmarking data for 
various stakeholder programs 
  Initiated On track On track See narrative. 
C 
Refine and utilize indicators and 
benchmarking data to inform 
progress in programs 
    
No 
refine 
ment 
 
B
, 
Implementation of a process that 
compiles and reviews results   Initiated On track 
In 
progress 
Efforts ongoing as 
identified in response 
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D from existing climate/attitude 
surveys conducted by 
constituents and from new 
assessments 
to SEB review. 
B
, 
D 
Use of process to measure 
change in overall 
climate/attitudes across 
jurisdiction to the best extent 
possible 
    In progress 
Efforts ongoing as 
identified in response 
to SEB review. 
 
 
Table 1.2d.11: Strategic Priority 3.1: Create innovative and transformative approaches to 
educate the future workforce necessary to strengthen the state’s leadership in 
renewable energy and energy utilization. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Develop K-12 Professional 
Development (PD) training materials 
On 
track Done     
Provide PD training for K-12 
educators   
On 
track 
On 
track 
On 
track 
Annual summer academies and 
workshops offered by ISU and 
UNI, see narrative. 
Develop and provide appropriate PD 
programs for CC instructors 
On 
track 
On 
track 
On 
track 
On 
track 
On 
track 
Engagement by PLTW D/I 
Implementation Coach, see 
narrative. 
Provide student summer and 
academic year research experiences, 
directly and/or by leverage of other 
programs. 
Done Done Done Done Done 27 interns participating across all three regent institutions. 
Provide opportunities for interested 
community college instructors to 
have summer research experiences 
at Regent Institutions 
On 
track Done    
Several opportunities provided 
in Y2. Feedback indicated that 
this was not viable/feasible as 
support - goal transformed in 
Y3. 
Provide assistance to Community 
Colleges for pedagogy and curriculum 
development as needed. Provide 
partnership support in pursuing 
external grants 
  On track 
Upon 
request 
Upon 
request 
Feedback from community 
colleges indicated that they 
preferred this kind of 
engagement.  
Students enroll in Energy Systems 
undergraduate minor at ISU. First 
students complete minor in Y3-4 
On 
track 
On 
track 
On 
going 
On 
going 
On 
going 
10 students graduated with 
minor in Spring 2016 (Y5). 
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Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Number of K-12 teachers participating 
in RE/EU PD training 160 231 421 519 504  
Number of students impacted each 
year by K-12 teachers receiving RE/EU 
PD training 
14,560 28,875 40,580 55,220 49,280 
Estimate 20 students reached by 
Elem. teacher; 100 by MS/HS 
teacher. 
Schools audited by RE/EU PD training 
teachers 15 12 12  15 20  
RE/EU lesson plans by RE/EU PD 
training teachers -- 31 46 50 55 
Lesson plans developed by 
Summer Academy and Energy 
Institute participants. 
Students Participating in RE 
undergraduate minor at ISU 0 14 15 23 19 
A total of 32 students have 
graduated with minor through 
Year 5. 
 
Table 1.2d.12: Strategic Priority 3.2:  Expand the Iowa workforce that is technically qualified to 
support the growing renewable energy and energy efficiency sectors. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Hire PLTW 
Implementation/Diversity Coach 
Completed 
Summer 
2012 
      
PLTW coach visits high-need 
PLTW secondary schools and 
community college PLTW 
directors  
 Ongoing  Ongoing   Ongoing Ongoing 
Worked with 146 school 
districts for program 
improvement and future 
implementation and grant 
opportunities. 
Increase in the number of PLTW 
affiliated schools.   On track  On track  On track 
On 
track Steady state last year. 
Increase diversity of PLTW 
course participants  On track  On track  On track 
On 
track See narrative. 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
PLTW secondary schools visited by D/I Coach 5 52 8 9 8   
New PLTW secondary schools added to state 
network 14 32 26 26 ** 
**Numbers not yet 
available for this school 
year. 
Percentage females in PLTW courses 15.4% 16.1% 18.2% 18.2%* 18.2%* 
*State has not provided 
updated #s for past 2 
years. 
Number of community college teachers 
participating in PLTW  3 21 44 52 43  
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Table 1.2d.13: Strategic Priority 4.1:  Facilitate communication between various constituencies 
within the Iowa jurisdiction, outside the Iowa jurisdiction, and at the state and 
federal government level. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
NSF EPSCoR Renewable Energy web hub 
established with initial content; Extend 
web outreach and involvement 
Done Done     
Monthly additions to web site on 
platforms; Increased traffic on website 
from previous year; Y3: Add new diversity 
tab 
Done Done On track 
On 
track 
On 
going 
4 diversity feature story so far in 
reporting period. Many 
diversity-related news stories, 
profiles, event stories, etc. 
Create/subscribe users to Iowa EPSCoR 
newsletter Done 
On 
going 
On 
going 
On 
going 
On 
going See narrative. 
Hire, train, and utilize student journalists Done Done Done Done Done 
Graduate student involved year 
round, two summer interns 
engaged starting 5/2016. 
Core “talking points” developed and 
shared with Iowa EPSCoR faculty Done Done Done Done NA 
No talking points needed as 
program ending. 
Conduct one workshop for federal 
congressional staff in in Years 1, 3, 5 Done  Done  
Not 
Done  
Two state legislators/year participate in 
“legislators in the lab” Done Delayed Done Done Done See narrative. 
Conduct annual meeting  Done Done Done Done On track Will be held July 25, 2016. 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Iowa NSF EPSCoR web site hits 1,124  6,000 2,720 7,645 6060 Sept 15-March 2016. 
Iowa NSF EPSCoR newsletters developed 1 3 3 3 3 3
rd newsletter to come 
out summer 2016. 
Iowa NSF EPSCoR newsletter subscriptions 0 632 864 883 1159* *as of March 2016. 
Embedded journalists (# students) 2 3 3 3 2  
Embedded journalists (# articles) 6 9 12 12 6  
Talking points 1 1 1 1 0  
Elected officials and State Legislators in the lab 3 3 2 2 9  
Workshops for federal congressional aides 1 0 2 0 0  
Workshop attendees (federal congressional aides) 34 0 80 0 0  
Annual meeting (internal participants- faculty and 
staff) 73 78 69 52 50** **Estimate 
Annual meeting (student participants) 60 59 61 55 50** **Estimate 
Annual meeting (external participants) 37 21 20 12 10** **Estimate 
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Table 1.2d.14: Strategic Priority 5.1: Support overall project goals by providing connectivity, 
access, and CI-related training for EPSCoR members, educators, and industry 
partners. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Hire two CI technical staff (one at ISU and 
one at UI). Done      
Develop comprehensive Iowa EPSCoR 
website  Done     
Develop an open-source suite for 
computational and theoretical models, for 
research platforms 
  On track Done  
Open source web based 
access to basic data analytical 
and statistical tools. 
Establish connections among Regent 
institutions using existing facilities On Track Done     
Identify and establish a community of CI 
users (researchers, staff and students) in 
RE/EU 
  On track 
On 
track  
Via collaborations and seed 
grants. 
Grow the community of CI users 
(researchers, staff, and students) in RE/EU     Done 
Training and engagement 
activities in narrative. 
Implement training programs to interface 
HPC with the scientific community 
In 
progress Done     
Develop and implement training materials 
for CI resources as needed   
On 
track  
On 
track Done 
Interlock House CI tools, 
resources from training. 
Link sensors from across the state that 
measure climatic, environmental, and 
ecological data 
 Done     
Integrate data driven models with large scale 
computational modeling to develop a 
simulation based research environment to 
predict large scale energy systems behavior 
  On track Done  
Y4: EPSCoR seed funding on 
using Cyber infrastructure to 
enhance understanding of 
bioenergy agrosystems. 
Create a virtual engineering tool to assist the 
bioenergy platform develop efficient systems 
for collecting, analyzing, and modeling data 
    Not done 
CI resources instead used to 
support the Wind Tall Tower 
project. 
Establish guidelines for developing and 
designing energy systems for state wide use   
On 
track Done  
CI platform for Interlock 
house: data collection for 
monitoring energy usage. 
Energy consumption data disseminated to 
promote efficient use of energy for 
commercial and residential consumers 
    On track 
Interlock House data available 
for public review. 
Develop educational portals On track Done     
Seek additional funding for CI related 
projects   
On 
going 
On 
going 
On 
going 
Seeking CI funding for Tall 
Tower wind energy project. 
 
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comment 
CI Technical hires are made 2.5 - - - -  
Number of research projects that have CI-enabled 
data/resources  3 2 3 4 4  
Number of Project Participants Using High 
Performance Computing Resources 10 15 15 2 2  
Number of educational programs connected via CI 2 4 3 1 1  
Number of training programs for HPC related skills 0 1 3 1 1  
Number of open-source materials available 0 5 4 1 1  
Number of CI related grant proposals submitted 2 0 6 2 0  
Number of CI related grant proposals funded. 0 0 1 1 0  
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Project Management and Sustainability 
Three additional strategic priorities address project evaluation and overall project sustainability 
and management. Tables 1.2d.15 – 1.2d.17 provide updated milestones and metrics for these 
priorities. Sustainability highlights during the past year include: 
 
 
Table 1.2d.15: Strategic Priority 6.1:  Implement an integrated, multi-year evaluation plan to 
measure progress toward the goals and objectives of the IA EPSCoR Project. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Evaluation processes are developed Done     
A logic model and a data 
implementation plan has been 
developed. 
Engage an external evaluator and 
appoint an evaluation advisory team 
On 
track Done    
External Evaluator confirmed, 
Scientific Advisory Board established. 
Identify project outcomes, metrics, and 
baseline data 
On 
track Done    
Project outcomes and metrics are in 
the evaluation plan; base line date 
was collected summer 2012. 
Research and BI outcomes are identified 
and assessed with respect to established 
goals 
  On going 
On 
going 
On 
going 
BI checklist is available through the 
newly created ISU Grants Hub. 
 
 
Table 1.2d.16: Strategic Priority 7.1:  Build a statewide RE/EU research and education 
enterprise that continues beyond the five-year project period. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Statewide Science and Technology Plan 
completed and adopted Done      
Grant proposals submitted Ongoing Ongoing     
Growth in sponsored funding in RE/EU at the 
three Regent Institutions   
On 
track 
On 
track 
On 
track  
Faculty hired into tenure-track positions   Done Done  
9 faculty (2 females, 1 URM) 
were hired to the Regent 
Universities as a result of IA 
NSF EPSCoR.  
Metric Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comment 
Extramural Grants Submitted  74 129 142 98 76  
Extramural Grants Awarded 14 24 48 29 18  
Number of Faculty in RE/EU fields 60 66 77 91 93  
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Table 1.2d.17: Strategic Priority 8.1:  Maintain an effective, transparent and multi-level 
management structure to provide oversight and coordinate the research, BI, and 
sustainability plans of the project. 
Milestone Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Comments 
Management  
Develop project strategic plan Done      
Review and revise project strategic 
plan using evaluation data   Done   
Strategic plan revised, 
approved 3/5/14. 
Project strategic plan updated for 
post-award activities     N/A 
Project review of sustainable 
activities. IA graduated from 
EPSCoR. 
Hire Budget Analyst and Project 
Administrator Done Done    
New budget analyst and PA 
started in Y2. 
Establish an external Advisory Board On Track Done    
Science Expert Board finalized 
in Y1. 
Conduct annual review by the 
Science Expert Board Done Done 
On 
track 
On 
track On track 
Expect to be finalized before 
end of August 2016. 
Governance  
Establish the State Governing 
Committee’s charter and by-laws Done      
Develop and approve state S&T plan Done     Signed S&T Plan sent to NSF 8/2012. 
State Governing Committee assists 
researchers in pursuing funding 
opportunities 
 NA NA NA NA 
Iowa graduated from the 
EPSCoR program in Spring 
2015. 
 
 
 
1.3 Training and Professional Development Opportunities 
No additional material presented in this appendix. 
 
 
1.4 Dissemination of Results to Communities of Interest 
No additional material presented in this appendix. 
 
 
1.5 Plans and Activities for Year 6 
No additional material presented in this appendix. 
 
 
 
